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Radiotoria 


‘bugs” as to threaten the very life of 
amateur radio. But there is yet time for 
Congress to delouse it by making certain 
reservations before ratifying it. This treaty 
supersedes tliat adopted in 1927 which, bad 
4s it was, appears as heaven compared to 
the helk in the Madrid treaty. To the unin- 
formed, these strenuous terms call for a few 
words of explanation. 
The new document provides that interna- 
tional amateur traffic can not be handled be- 
tween any two countries if any signator is 
opposed to it. If France, for instance, should 
interpose an objection, an amateur message 
from New York to Toronto would be illegal, 
notwithstanding the fact that France is in 
no way concerned with amateur communi- 
cation between the United States and Can- 
ada. Even if France, or whosoever it may 
be, does not object, another paragraph states: 
Owners of amateur stations are forbidden to 
transmit internationally messages emanating 


To Madrid treaty is so infested with 


from third parties.” 


Both provisions bear the ear-marks of the 
commercial radio companies who are trying 
to stop the handling of free messages be- 
tween amateurs in America and the Orient. 
These messages are being sent without 
charge and emanate from people who can ill 
afford to pay commercial tolls. Yet which 
class of message, the free message or the toll 
message, is really most in accord with “pub- 
lic interest, convenience and necessity?” 

The effort of the commercial companies 
to strangle international amateur radio is 
comparable to legislation that might be in- 
stigated by the railroads to forbid owners 
ff private automobiles from carrying non- 
paying passengers between points served by 
a railroad. The comparison becomes all the 


Istronger when it is realized that the prohi- 


Sbition of foreign amateur traffic is but the 


opening wedge to a similar prohibition of 
domestic amateur traffic, and possibly the 
eventual acquirement of amateur wave- 


‘lengths for commercial purposes. 


Yet the very channels now used by the 


radio companies were filched from the ama- 
hteurs who had demonstrated the value of 


these hitherto unwanted wave-lengths. Be- 
cause the law does not yet forbid the ama- 
teurs to use the tithe that they still have, 


‘the commercial interests appear to be using 
‘their influence to change the law. How much 


‘more sportsmanlike would it be for the 
‘companies, instead of trying to oust the ama- 
Hteurs from what little they have left, to 


make more adeauate use of the nine-tenths of 


‘the short-wave spectrum from which ama- 


teurs are barred? But big business is not 


‘sportsmanlike when dollars and cents are at 
B Stake, 


Just how inadequately the present com- 


‘mercial frequencies are being utilized is sel- 


Edom 


realized. In the 6000-23000-kilocycle 


ispectrum there is a separation of 20 kilo- 
icycles between channels, this being the min- 


=}. 





imum which, the commercials claim, will al- 
low for the maintenance of satisfactory com- 
munication. Yet an amateur thinks nothing 
of separating CW stations 500 cycles apart in 
the 14-megacycle band! 

A commercial point-to-point transmitter 
must maintain a frequency stability of 0.02 
per cent, which means, for instance, that it 
can deviate 3 kilocycles from an assigned 15- 
megacycle frequency without invoking the 
wrath of the R.I. On the other hand, a 100- 
watt broadcast station is required to main- 
tain its frequency within 0.0033 per cent of 
1500 kilocycles, a requirement which is six 
times more stringent than that imposed on a 
point-to-point transmitter. Larger broadcast 
rtansmitters are being operated for months 
at a time without varying 5 cycles from their 
assigned frequencies, a variation of one part 
in 300 thousand. Furthermore, the Bureau of 
Standards has achieved a transmitter stability 
of one part in 18 million. 

These comparisons call to mind the story 
of the bantam rooster whose hennery ad- 
joined the ostrich farm at Pasadena. One 
morning he found an ostrich egg, which he 
laboriously rolled into his own egg-factory. 
Lustily crowing and flapping his wings, he 
convened his feathered harem, saying: “I 
don’t want to complain, but see what your 
neighbors are doing!” 

To resume our argument: The actual sepa- 
ration of channels is five times the required 
stability of the transmitter and twice what it 
need be to carry the sidebands of a CW sta- 
tion sending 1000 words per minute. To re- 
duce the separation between channels to 214 
times the required transmitter stability would 
double the number of available channels. 
To require the same stability as is required 
from a small broadcast station would multi- 
ply this number by six. Thus, there would be 
twelve channels for every one now assigned. 

Reception under such conditions would be 
child’s play. At 15 megacycles there would 
be a 1500-cycle separation between adjacent 
channels and an allowable deviation of 500 
cycles from the assigned frequency. If the 
$80 per month operator can’t master the in- 
tricacies of stable self-excited oscillators, 
crystal control is cheap and efficient! 

The foregoing statements ignore the fact 
that a dozen or more point-to-point trans- 
miters with directional antennas can use the 
same frequency without mutual interference 
if properly located around the world. This 
makes possible a corresponding additional 
multiplication in the number of radio chan- 
nels. 

With all these tremendous, unutilized fa- 
cilities at their disposal, what justification is 
there for the commercials to covet the over- 
crowded amateur bands? Rather, should they 
not be obliged to surrender a few of their 
ill-gotten gains for the amateurs’ use. The 
amateurs would welcome the even harmon- 
ics of the 80-meter band. 

How can they get them? By using the 


Comment 


same tactics which the commercials employed 
when they stole them. INFLUENCE ! ! ! 
Influence Congress to delouse the Madrid 
treaty before ratification! 





Convention Profits For 
Prize Donors 


ADIO clubs are finding it increasingly 
difficult to secure free prizes for their 


conventions because radio dealers, and 
others who have kindly donated prizes in the 
past, are inclined to discount the advertising 
value of these donations and to regard this 
practice as a racket. Yet few clubs can afford 
to buy worthwhile prizes for award to the 
winners of various convention contests. 

Consequently, there is great interest in the 
proposal of the Santa Clara County Amateur 
Radio Association, which is to be host to the 
Pacific Division radio convention to be held 
in September, to divide the convention profits 
pro rata among the prize donors. If the total 
value of the prizes is $100, for example, the 
donor of a $10 prize will receive one-tenth 
of the convention profits, etc. 

Figures are not available to show whether 
the profits are ever greater than the total value 
of the prizes. If so, a donation would be- 
come good business, so long as it does not 
carry a corresponding responsibility for a pos- 
sible deficit. Hi. Anyway, the plan carries 
a new and different talking point for the hard 
working beggar who is trying to promote a 
successful convention. 





Forecast for September 


MONTH of preparation by thou- 
sands of amateurs to get their 
stations in readiness to comply 
with the new regulations of the Fed- 
eral Radio Commission, which go into 
effect October 1. Consequently, the 
pages of September “RADIO” will 
show how to build simple and inex- 
pensive filter systems for use with any 
type of transmitter. 
A new Tube Characteristics Chart 11 
x 17 inches, will be in the center of the 
magazine. This chart gives technical 
data and socket connections for the new- 
er types of tubes, also showing the char- 
acteristics of both new and older types. 
There will be something in Septem- 
ber “RADIO” of interest to every ra- 
dio man. “RADIO” has been a “sell- 
out’ on news stands almost everywhere, 
and many would-be buyers of the maga- 
zine have not been able to secure copies. 
Therefore, a subscription protects you. 
$1.00 for 3 months; $2.00 for 8 months; 
$3.00 for 1 year. There are no back- 
copies available. 
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Provisions of the 1927 Radiotelegraph Con 
vention relating to the transmission of mes- 
sages by amateur stations read as follows 

“1. The exchange of communications 
between private experimental stations of 
different countries shall be forbidden if 
the Administration of one of the inter- 
ested countries has given notice of its 
opposition to this exchange. 

“2. When this exchange is permitted 
the communications must, unless the in- 
terested countries have entered into 
other agreements among themselves, be 
carried on in plain language and be lim- 
ited to messages bearing upon the ex- 
periments and to remarks of a private 
nature for which, by reason of their un- 
importance, recourse to the public tele- 
graph service might not be warranted.” 

Madrid 


~ 


Provisions of the convention <¢ 
1932 read: 

“1. The exchange of communications 
between amateur stations and between 
private experimental stations of differ- 
ent countries shall be forbidden if the 
Administration of one of the countries 
convened has given notice of its opposi- 
tion to the exchange. 

“2. When this exchange is permitted, 
the communications must be carried on 
in plain language and be limited to mes- 
sages having to do with experiments and 
remarks of a private nature for which, 
by reason of their unimportance, there 
could be no question of resorting to the 
public telegraph service. Owners of am- 
ateur stations shall be strictly prohibited 
from transmitting Communications ema- 
nating from third parties.” 


OW, let the reader keep in mind that 
the alterations in these provisions at 
Madrid were engineered by the rep- 

resentatives of United States € ommercial com- 
munications people, that they follow many at 
tempts of these commercials to compel the 
wording of the 1927 convention to read the 
amateurs out of their right to serve the pub- 
lic, and that the Madrid alterations were 
made with the specific purpose of stopping 
the transmission of messages across the Pa 
cific Ocean by amateurs. Then study the 
Madrid provisions with this knowledge al- 
ways in view. 

First of all, it will be observed that the 
1927 provisions apply solely to “private ex 
perimental stations.” The Government em- 
ployees in the offices of the Federal Radio 
Commission have always assumed that ‘‘pri- 
vate experimental stations’ included those 
licensed as “amateur.” It is questionable if 
such an assumption was justified, for, as the 
provision reads it applies in the United 
States only to stations licensed as “‘experi- 
mental,” the most of which licenses have 
been granted to commercial companies. It 
is more likely that the provision had in 
view the prohibiting of such experimental 
stations from conducting commercial com- 
munications and collecting fees therefor. 

The Madrid provision injects amateur sta- 
tions into the prohibition so that it will no 
longer be necessary for Government employ 
ees in the United States to make a forced 
interpretation of “experimental” to cover 
“amateur.” And, remember this, throughout 
the long line of assistants and advisers to 
the radio commissioners the conviction is 
common that amateurs should be permitted 
to engage in no activity that tends in any 
way to lessen the private profits of the 
privately controlled commercial corporations. 
That thought comes first and foremost with 
the majority of these assistants; the rights of 
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Amateur Trans-Pacific Trattic Threatened 


35,000 licensed amateurs and the right of 
the public to avail itself of the free message 
service of the amateurs comes last. 


HESE commercial communications cor- 

porations assume that because they an- 

nounce themselves as “public service” 
institutions they may demand that the Gov 
ernment prevent competition with them in 
the transmission of messages by radio. Their 
adherents in the Government employ labor 
under a similar delusion. The Western 
Union Telegraph Co. is a public service cor- 
poration. It enjoys a virtual monopoly be- 


cause it renders a meritorious public serv 
ice; and yet RCA has been fighting the 
Government for four years over the Gov 


ernment’s refusal to grant it the privilege of 
setting up a domestic radiotelegraph system 
to compete with the adequate message serv- 
ice of the Western Union. 

The corporation has nothing to support 
its delusion that the Government owes it a 
monopoly of the radiogram business, except 
a flawless effrontery born of its nesting under 
the wing of the big bird that Ferdinand 
Pecora and a group of public-spirited sena- 
tors have ruffled so sadly that she will never 
look the same again to honest men. 

In the provisions of the 1927 Convention 
you will note that if one of the “interested 
countries” has given notice that it won't per- 
mit its amateurs to exchange messages, we in 
the United States may not handle messages 
with that country. In the Madrid provisions 
you will see the wording “if one of the 
countries convened has given notice.” 

See the difference? In the present treaty 
that of 1927—an “interested country” may 
prohibit its own amateurs; in the proposed 
arrangement any one of the countries con 
vened at the Madrid Convention may give 
notice of its Opposition, and thus may cause 
the prohibition to become general through 
out all countries. The fact is that no coun 
try is of record in the Berne Bureau as pro- 
hibiting the handling of 
amateurs. 


messages by its 
Many countries, as we know, do 
so restrict them, although the countries 
themselves have not lived up to the treaty 
by filing notice to that effect. Well, the new 
Madrid wording makes it possible for any 
country to object tO amateut message 
handling in all countries. No country—no 
matter how much if 18 against amateur mes 
sage-handling—will stand for dictation from 
“one of the countries convened” simply to 
aid privately controlled corporations that 
notoriously have grabbed the “lion's share” of 
all the short-wave channels available for the 
whole world without having use for one 
tenth of them. Nevertheless, the phraseology 
gives the commercial adherents in our gov- 
ernment still another club with which to 
harass and intimidate the amateur. 

The Madrid Paragraph 2 tightens the 
screws, both on the amateurs and on foreign 
countries. The 1927 clause, “unless the in 
terested countries have entered into other 
agreements among themselves,’ has been cut 
out. Under the altered provision no country 
could permit its amateurs to talk with those 
of another country in ham language. It must 
be “plain talk.” If this whole asinine pet 
version of justice called a “treaty” is ratified 
by our Senate we amateurs will have to talk 
plainly—if, indeed, we are permitted to use 
our own air at all. 

The 1927 provisions say: “The exchanges 
between amateurs must be, unless the inter- 
ested countries have agreed otherwise among 
themselves, limited to messages of a private 
nature for which, by reason of their unim- 
portance, recourse to public telegraph might 
not be warranted."” The new Madrid wording 
is: “. . . for which, by reason of their un- 








importance, there could be no question 9 
resorting to the public telegraph service: 
Feel the screws being applied to you, OM! 

But listen to this one—the Crowning pic 
of impertinence from the United States co; 
mercials who concocted and engineered +, 
new amateur restrictions at Madrid: 

“Owners of amateur stations shall }y 
strictly prohibited from transmitting cop 
munications emanating from third Parties 
And note that they don’t mention their oy 
“private experimental stations.” This leay: 
it in the power of the commercials to yy 
their own experimental stations to hand 
third-party messages in the United Stat. 

This specific and exclusive pronounceme; 
declares against the handling by amateurs 9! 
third-party messages right here in the United 
States: This provision, if ratified by our § 
ate, would actually prevent amateur statio; 
from fulfilling the fundamental requiremen 
of the Radio Act—that every station must | 
operated for the public interest, convenienc 
or necessity. os 

















































































If this piece of consummate insolence 
ratified it will become one of the restrictio: 
automatically read into all amateur licens: 
And after that if any amateur dares to tran 
mit a message he will lose his license. Jus 
think it over. Never mind if someone do 
say, “Oh, that provision won't be invoked 
Never mind if publciations of amateur 4 
thorship do tell you, “There is no chang 
from a practical standpoint in our commun 
cation regulations.” YOU—every last one o 
the 35,000 amateurs of the United States 
get busy and see that your Senator and you 
Representatives know what this schen 
Morgan-controlled outfits purposes to do | 
you. That's what you elect your Senato: 
and Representatives for—to see that yo 
constitutional right is preserved to use yo 
share of the air for the benefit of yoursé 
and the other neople who own it—and ther 
isn’t a public-spirited man in Congress w! 
won't do his utmost to support you. 

The amateur trafic at which the repr 
sentatives of RCA and Mackay directly aim 
at at Madrid is the messages the amateur 
are handling for our people in the Philiy 
pines and China. One would think, to he 
the commercial men talk, that the amateu 
were invading a long-occupied province 0! 
commercial radio! As a matter of truth 
is RCA and Mackay that have poached in 
field that was pioneered and possessed |!ong 
before these commercial outfits were in 

In that part of the world there are tho 
sands of our own citizens Army, Nav 
Marine Corps, doctors, nurses, missionari 
educators, and other civilians. These peop 
have not the money to pay the high to! 
exacted by the commercial radio and cable 
corporations. Amateur stations on both side 
of the Pacific have for years provided a m« 
sage service of inestimable value for, thet 
and their families in the United States. The 
amateurs have a file of thousands of letter 
from grateful recipients of this service. Thes 
people will be given this article for their ¢ 
lightenment and action—this and other a! 
ticles describing in detail various efforts th 
have been made in the recent past to stop th 
amateur trans-Pacific traffic. The amateur aj 
peal to Congress will have the active sup 
port of the »ublic against this latest threa 
against their rights, 

There is no reason why 35,000 amateur 
of the United States should be forced, yea! 
after year, to fight for their lives. Ther 
no reason why hundreds of thousands of out 
citizens should be forced to pay tribute to | 
brace of outrageously over-capitalized corp 
rations, 


—Clair Foster, W6HM 
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HE EDITOR inquires, “What's the 

matter with amateur radio?” Nothing! 

We amateurs are like the man in the 

crowded hall who was asked if he couldn't 

find a seat. “Oh, I have a perfectly good 

at,” he replied. “All I need is a place to 
put it. 

Just why are the 35,000 amateur stations 
of the United States restricted to a few nat 
row bands in which 100 commercials would 
proclaim that they were being murdered in 
cold blood? And just how came this re 
triction? That is the place to start looking 
for the answer to the Editor's question. 

At the bottom of the Amateur’s predica 
ent lies the fundamentally unsound prem 
e in their own thinking; namely, that they 
had no rights—that they had only a few 
privileges. Why, it is only within the last 
two years that we have been able to bludgeon 
that word “privileges” out of amateur litera 
cure. In the speech of amateurs it is sull 
commonly used, and is still a part of the 
mateur consciousness, That only 
had rights was the conception of business 
men and government servants, They filled 
the air with that miasma and the amateurs 
reathed deeply of it. 

In the United States we 
tion that—believe it or not—has 
emarkably. One feature of it 1s so emt 
ently American that it has stood the test 
of time—the declaration that there shall be 
no legislation having the effect of favoring 
citizens to the injury of 
inother class. Laws enacted with the in 
tention of discriminating have, after 
ime, been adjudged by the Supreme Court 
o be unconstitutional 

The non-commercial 
from the very beginning of radio 

vastly larger class of citizens than those 
vho are in radio purely for the money. The 
ir is public domain. It belongs to all of our 
itizens, just as do the public lands, the riv 
rs. lakes and the adjacent seas. No one class 
of citizens has an inherent right to a mo 
iopoly of the air, any more than would one 
class be allowed to use the lakes, rivers and 
oceans to the exclusion of any other class 
from their reasonable use. The public do 
nain can be lawfully used by individuals 
nly for the greatest good to the greatest 
1umber. The commercial people claim that 
n their money making activities they serve 
the greatest number of people. The force of 
that claim comes only from reiteration. If 
i vote were taken on the question which ts 
nore highly regarded by the public, the 
Amateurs or the Commercials, the Amateurs 
vould win hands down, because most ama- 
reurs have a thousand friends and well-wish- 
rs to the Commercial Corporation's one. Be- 
ides having brought into the public domain 
if the air by their discoveries the most valu 
ible part of it—the area below 200 meters 

the Amateurs are performing today count- 
less public services, free of charge, that the 
Commercials would not perform if they 
ould, and could not if they would. The 
ervices that the amateur stations render to 
the public are limitless; they are circum- 
cribed only by the fact that the stations are 
crowded together beyond belief. That much 
abused word, “public service,” when applied 
to the activities of the Amateurs, carries no 
taint of hypocrisy. 

The Government has, of course, first call 
on the public domain. That is sound because 
the citizens at large are the Government. In 
nearly all countries the nation comes first in 
its use of the air. In the United States this 


business” 


have a Constitu 
stood up 


ine class of out 


time 
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embrace 
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What's the Matter With Amateur Radio? 


By COL. CLAIR FOSTER, W6HM 


so far—has not been the case. Two for 
eign commercial radio men have expressed 
to me their perplexity over their observance 
that in America the radio interests of busi- 
ness groups come first. They said, “In our 
country Our government comes first and priv- 
ate business comes afterwards; in your coun- 
try private business comes first and your gov- 
ernment gets what little is left.’’ There was 
nothing | could say in response, for it is all 
too true. Our Army and Navy and other 
government services had to fight the com 
mercial lobbyists to get the comparatively 
small parts of the radio spectrum now as 
signed for government use. So far as our 
Government's interests are concerned, how 
ever, we do not feel so badly over this 
phase of the situation, for in the event of 
emergency our Government can take without 
pay any channels that may have been allo 
cated to other interests, business or private. 
That is why the courts defeated the attempt 
of the General Electric Company to establish 


a “property right’ in the channel used by 
Station WGY, 

The American amateurs made their pri 
mary blunder by envisioning themselves as 


suppliants instead of seeing that they were a 
class of citizens whose interests were bound 
to be respected and protected, They assumed 
the role of the mendicant and therefore got 
all that a mendicant can hope for, o1 indeed, 
a handout at the kitchen door. Hav- 
umed that character it Was 

they should be given 
When one pleads for a 
handout, one is in no posimon to question 
the nature of the food. Having attired them 
selves in the costume of the stage tramp the 
amateurs got just what the make-up called 


de scrve 
ing voluntarily as: 
quite consistent that 


little consideration 


for the laugh 

The commercials gave us just what they 
believed would be our doom 200 meters, 
At that time every commercial radio man 


physicist in the world 
200 and below was use 
The amateurs soon 


and every highbrow 
was convinced that 
less for communication, 
proved that the highbrow § were all wrong 
that the short waves were the 


of all. Then, having made this epochal dem 


most valuable 


onstration, one would have thought the 
amateurs would have come to their senses 
and taken their place as a large class of 
citizens prepared to defend their earned 


place on the air 

Just here is where the exigencies of the 
dictated that they shed the robes 
of the supplicant and don the armour of the 
militant crusader prepared to take the of 
fensive in a holy and just cause. Did they 
do it? Not they! They stood back and 
hoped, hoped that another plea at the back 
door would provide sustenance. Radio ama- 


situation 


teurs are strange animals. One part of their 
mental make-up is full of intense loyalties, 
full of a fellowship, infinitely stronger than 
that found in any secret society or college 
fraternity. They will fight for hours and 
weeks and years among themselves over in 
consequential trifles, but they will not get 
together and fight for five minutes against 
an open threat against the 
Amateur Radio, 

At this crucial time in their history, when 
they had proved to the world the value of 
the short waves, did they stand upright and 
advance with the courage that comes from 
full knowledge of the justice of a cause? 
Listen to this, and I quote from the official 
“Statement of Facts” presented by the Fed 
eral Radio Commission to the Court of Ap 
peals of the District of Columbia in the 
matter of the injunction secured by the RCA 
to prevent the Commission from allocating 
contunental frequencies 6000 K.« 

to anybody but RCA 

Prior to February 23, 1927, the 
were entitled to use the entire range of fre 
quencies from 1500 kilocycles upwards. They 
were the first to make practical use of short 
waves and demonstrated their efficacy to the 


whole cause of 


be low 


amateurs 


world by feats of the most dramatic char 
acter Their contributions to the science of 
radio communication have only too. often 


been the demonstration of the utility ranges 
only to arouse the desire¢ s of the commercial 
interests to deprive them of the use thereof 
At the various National Radio Conferences 
speaking through their authorized representa 
tives, they offered to relinquish most of their 
territory for commercial development.” 
There you have it! The amateurs offered 
to relinquish most of their territory. It must 
be true that the relinquishment was “‘of 
fered,’ because before February 23, 1927. 
when the present Radio Act went into force 
there was no law in the land that confined 
the amateurs even to our old 160, 80, 40 and 
20 meter bands. We had been told countless 
times by amateurs and in public prints of 
amateur authorship that this was “the law” 
and that was That our old 40 
meter band, for example, was prescribed “by 
law’ to extend from 37.5 42.8 meters 
Now get this straight! It was not “by law 
at all, but merely by scence of the 
amateurs themsel@es in the cajoleries or 
threats of commercials and 
in the government service 
The amateurs held control (their right de 
batable, to be sure, but concededly earned), 
of everything below 200 meters; and with the 
naivete of inexperience in the old game of 
grab-the-public-domain we offered to relin 
quish most of our territory to the commer 
(Continued on Page 46) 


“the law 
) to 
acquit 


their adherents 





0— 10 — 20 — 30 — 40 — 50 — 60 — 70 — 80—90—-100 
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And the scattered few dots and dashes above 
The wide-open spaces represent territory taken from the Amateur. 


110—120—130—140—150—160—170—150—190—200 


The Amateur Paradise—0 to 200 Meters, before the commercials stepped in. 


The above represents the short-wave bands which the amateurs lost to commercial interests. 


represent the Amateur Paradise of Today! 


? ? ? What will this chart look like in 4 years if the Amateurs don’t wake up ? ? ? 
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Some Considerations in the Design of Hi-Power Stages 









By 
CLAYTON F. 
BANE* 


his present equipment is an eventual 

step in every amateur’s career. There 
are, strictly speaking, only two methods of 
achieving this result open to the average 
amateur: The use of a large tube; or, the 
use of a smaller tube working at high efh- 
ciency. The expense factor usually elimi- 
nates the former, so let us, in our considera- 
tions, consider only the latter, it being most 
suited to our purpose and pocket book. 

A tube such as the '52, working at high 
efficiency and large power output, demands 
the following conditions for successful opera- 
tion: First, high plate voltage. Second, high 
values of bias and excitation voltage, and 
last but of great importance, an efficient tank 
circuit. When you stop to consider that 
inputs of several hundred watts are success- 
fully applied to tubes rated at a mere hun- 
dred watts plate dissipation, it is readily ap- 
parent that the tank must be taking the 
greater part of the load. In order for this 
condition to exist, the tank impedance must 
be considerably greater than the tube plate 
impedance. This condition is readily realized 
in practice, by the use of an efficient, high 
L to C tank, and by proper attention to the 
resistance which the antenna circuit couples 
into the tank circuit. Generally speaking, the 
closer the antenna coupling, the more re- 
sistance is coupled into the tank, and ac- 
cordingly, the lower the tank impedance. 
This results in a greater percentage of the 
total wattage, being dissipated at the plate 
of the tubes in the lon of heat.* 

In addition to providing a higher imped- 
ance, we want a real low C tank to avoid 
this silly practice of wasting precious watis 
in heat losses. The large circulating cur- 
rents and their attendant heating of the in- 
ductance, make high C extremely poor prac- 
tice, except possibly in self-excited oscil- 


"This adding of a higher power stage to 


* “Radio Engineering’’—Terman. 





Back View—Showing end of grid coil and power 
terminals. 
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careful arrange- 
ment of parts... 


lators, its use there being rather a necessary 
evil. However, these two considerations are 
merely matters of careful design, and do not 
necessarily represent an expenditure of 
money. This can hardly be said of the other 
requirements—namely, high plate voltage and 
large excitation. The man desiring to install 
higher power usually has access to voltages 
to the amount of a couple of thousand volts, 
but to obtain twice this value is a somewhat 
difficult problem. The proper rectification of 
these higher voltages lies outside the scope of 
the medium power rectifier tubes—to say 
nothing of the filter condensers. In addition, 
not many of us have the price for an addi- 
tional "52 or '03A to provide the excitation 
necessary to run the brute at maximum eff- 
ciency. But is this so called “maximum effi- 
ciency” absolutely necessary? It is, unques- 
tionably, if we desire to get the last ounce 
of power from the tube, but it isn’t at all if 
we are content to operate the tube some- 
what under this value. Let’s compromise. 

A compromise design can be worked out 
that will meet the requirements of the aver- 
age amateur, by rejecting some of the more 
costly elements and retaining others, less ex- 
pensive, but none-the-less advantageous. First 
of all, we must take advantage of our ex- 
isting stages to supply the excitation. This is 
entirely feasible, providing the exciting stage 
is at least a ten, itself properly excited. The 
link coupling system described in last 
month's issue will provide the necessary ex- 
citation to the “ten,” so further discussion 
of that problem is harly necessary. Assum- 
ing a certain fixed amount of excitation volt- 
age from the “ten,” our next consideration 
is matching this value of voltage to the C 
bias. To clarify this statement, let us take 
an example: If a bias of several hundred 
volts is applied to the final grid in order to 
fix the operating point three or four times 
cut-off, our exciting — must not only 
equal this cut-off voltage but must be con- 
siderably greater, in order to drive the grid 
somewhat positive. (A desirable condition 
in obtaining respectable power output.) 
With a "10 as a driver, we will probably find 
that not only will the final grid fail to go 
positive (no grid current), but that the 
power output will be sadly lacking. Ob- 


viously, our excitation voltage 
enough to overcome the C bias. Therefore 
decreasing the C bias is the logical solu- 
tion, provided we do not carry this action 
to extremes. The bias should not be de- 
creased to a point above cutoff, if any semb 
lance of efficiency is to be maintained. This 
Statement is merely made as a caution, be- 
cause a “ten” should be capable of driving 
the final well below Class B, with plenty of 
power output. 

The writer does not wish to convey the 
impression that he is not in favor of high 
efficiency, large power output Stages. The 
merits of this form of operation are not to 
be disputed, but it is with the thought in 
mind that the average amateur will find the 
requirements for this form of operation be- 
yond his means that the preceding remarks 
on compromise adjustment have been writ- 
ten. If you have the necessary excitation 
and power supply by all means take full 
advantage of them. The unit about to be de- 
scribed has been carefully designed so as to 
be capable of efficiently handling higher 
power, if and when an increase becomes 
desirable. 

If the saying, “A set is no better than the 
equipment in it,’ can be taken literally, the 
unit shown in Figure 1 is destined to per- 
form in a remarkable manner. The equip- 
ment was selected from the dozens of simi- 
lar pieces because of its quality, appearance 
and reasonable cost, and because of its 


is not great 





End View—Showing details of adjustable feed line. 
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adaptability to a unit of this sort. The tun- § 
ing and neutralizing condensers were selected 
not alone for their lower cost and beautiful 
mechanical construction, but also for their 
ability to withstand higher voltages if used. [ 

The r.f. choke used in the plate circuit de- 


serves special mention because of the fact )ff 


that it incorporates several features not usu- 
ally found in other chokes. Its ability to | 
carry rather heavy plate current, combined 
with a new design that insures efficient chok- 
ing action, makes this choke a sure-fire bet. 

‘The plugs and jacks for the inductance 
were selected without hesitancy, combining, 
as they do, an excellent electrical connection, 
with a real “he-man” mechanical strength. 
All the other equipment was selected because 
of similar advantages. 

The parts are mounted on a Y4-in. bake- 
lite panel, 12 by 18 inches, which is in turn 
supported by a frame of the same size, two 
inches deep. This frame is made of %-in. 
by 2-in. hardwood and suitably finished with 
either a stain or clear lacquer. 

Reference to the photographs should give 
the reader a good idea of the mechanical 
construction, but since there are various little 
items that may not be clear in the photos, a 
few random remarks about some details will 
be in order. 

It was decided to mount the inductance 
off to the side of the tank condenser instead 
of following the customary upright method 
of mounting. (To mount it in the upright 
manner would require a larger subpanel, if 
the metal of the condenser is to be kept out 
of the field of the inductance.) Metal brack- 
ets were made of heavy angle brass and 
drilled to fit the plugs and the standoff insu- 
lators. This mounting is extremely strong 
and will hold the ordinary inductance with- 
out the slightest springing. The leads from 
the plugs to the condenser are made very 
short and direct as the photos will show. It 
was found in preliminary experiments, that 
the coupling from the exciter to the grid cir- 
cuit of the final was rather critical and that 
the method of varying the coupling loops 
used in the lower power stages was unde- 
sirable, so another arrangement was evolved. 
This latter allows an extremely fine adjust- 
ment of coupling and eliminates the danger 
of break-down of the insulation on the loop, 
and of sparking over to the grid coil. The two 
brass rods on which the loop slides serve as 
a continuation of the feed line and are of 
further advantage in that they provide a 
means of anchoring the flexible line from the 
preceding stage. A point that should be re- 
membered in wiring is to put the rotor of 
the grid tuning condenser on the cold side 
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of the grid coil. Since this side is at ground 
potential, the very bothersome trouble of 
hand capacity will be eliminated. The plugs 
on the large tank inductance are the newest 
types made by General Radio and differ from 
their previous plugs in that they have a hole 
in the end that will take up to 5/16-in. tub- 
ing. They come filled with solder and all 
that is necessary is to sweat the tubing to 
the plug. 

Since this unit will eventually be part of a 
rack-panel transmitter, it was deemed advis- 
able to bring the power leads out to term- 
inals, so that the unit could be removed for 
repairs (heaven forbid) or for making other 
adjustments. The small standoff insulators 
now on the market serve admirably as termi- 
nal supports and were used in this unit. 
Long machine screws running down through 
the standoffs and the subpanel make a neat 
connection to those power leads that come 
from the bottom of the set. The grid coil is 
made plug-in to facilitate rapid changing of 
bands, and plugs into GR plugs mounted in 
the subpanel. The bi-pass to ground and 
the C bias leads are connected to one of 
these plugs from underneath the panel, the 
connection to the tuning condenser and to 
the grid being made above. The r.f. choke is 
mounted above ‘the panel because it would 
not fit otherwise, but care must be taken to 
keep it away from any metal by at least the 
diameter of the largest coil. The clip for 
the high voltage is made from a piece of 
spring brass, bent in the middle until both 
sides meet, and a depression to fit the tubing 
is made by inserting a piece of rod the size 
of the tubing between the two ends, and 
squeezing them in a vise. Do not even con- 
sider using the clips that are used on storage 
batteries, because these are made of iron and 
not only have an appreciable resistance but 
are actually a small closed loop. The fact 
that they get hot can be attested to by any- 
one who has ever grabbed one. Some folks 
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like to put a little bakelite handle on the 
‘lips, but I say, “Leave it off.” You're nos 
pt to grab it if it's naked metal, while in- 
ulation may give you a false sense of 
ecurity. 
_ The tuning procedure followed in this unit 
s largely a repetition of that followed in 
uning the ten stage, with a few exceptions.* 
Che main consideration in tuning is to ob- 
‘ain the maximum amount of grid swing 
edie Yo cn aes 
ogee : u wi ind the adjust- 
. € loop around the final grid tank to be a 
i ated whee he Soe Ce 
ched ills in the “ten 
plate circuit are at a safe value, without a 
material decrease in the grid current in the 
— gue oe By snr operating point 
since advantage in running the 
ten” red hot to gain only a fractional 
wewagethallr yg camber If the coupling 
‘ plate tank is fixed far 
back toward the plate voltage tap it will 
not be necessary to change the position of 
this loop at any time. Do all the changing 
with the grid loop, which is made adjustible 
for that very purpose. Too much stress can 
not be laid upon the fact that it is this 
careful adjustment of excitation, where a 
ten’ is used as an exciter, that makes the 
difference between success and failure—a 
failure that would be clearly indicated if the 
final plate ran hot at values of input that 
make a '52 stage worth-while. The neutral- 
izing of the final is done in much the same 
way as in the “ten,” only one caution being 
necessary. You will find that the stage will 
neutralize with several different combinations 
of turn adjustment and neutralizing capacity, 
but it also will be found that one of aes 
combinations will give better results than 
any of the others. This must of necessity be 
determined by experiment. 

Now a few words about keying: Center-tap 
keying is probably the easiest and most gen- 
erally used, but it has a certain disadvan- 
tage when applied to this unit. It is evident 
that when the key is up, there is no return 
for the grid, which leaves the grid tank with 
no load to work into. However, this would 
not do any harm (since the tuning is done 
with the key down, and the tube is not 
working with the key up), but for the fact 
that the change in load on the grid tank re- 
flects itself in a change in load on the ex- 
citing stage, reflected by a radical increase 
in plate current every time the key is up. 

(Continued on Page 31, Col. 3) 


* See last month, ‘‘Writing ‘Finis’ to the grid 
choke problem’’). ° 
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-C.22 | | ~ 75-150 


C1-C3-C4-C6—.006 Sangamo 2000 v. Fixed Mica Condensers. 


C2—.00025 Sangamo. 

C7—.004 (Two .002’s) Sangamo 5000 v. 
C8-C9-C10—.001 Cardwell Midget Variables. 
C11—.0001 Cardwell 407-B. 


C12—Cardwell 407-B, with alternate plates removed. 
C13—Wireless Shop Heavy Duty Variable. SW7510. 


C14—Cardwell 305-B Variable. 


C15—Wireless Shop WSN852 Neutralizing Condenser. 


RFC 4 RFCS 
+450-500 -100-200 


rec 6 


+690: 800 








RFC 7 


, ~ 250-350 +250Q.3000 


L1-L2-L3-L4—See June issue “Writing Finis to Grid Choke Problem”. 


L5—Grid coil. 18 turns No. 14 enameled, on 214-in. bakelite form, space wound. 


L6—Plate coil. 


ts-in. copper tubing, 16 turns, 5-in. dia. 


RFC1 & RFC3—National No. 100 chokes. 
RFC2-4-5-6—Home-made peramble wound in sections. 


RFC8—National No. 152 R.F. Transmitting choke. 
R1—20,000-25,000 ohms. 


Center-tap resistors are General Radio throughout. 


E. F. Johnson Stand-Off Insulators & Sockets were used in the Lab. Model. 
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RADIOTRON RCA-210 
TECHNICAL INFORMATION 
Use ‘ General Purpose 
CLASS “A” SERVICE 

Maximum Operating Plate Voltage —— 425 Volts 
Maximum Plate Dissipation iaicisecieasiiiiniaaienbimase 12 Watts 
Typical Operation 

Ep—425 Volts, Eg 9 Volts, Ef——7.5 Volts. 
DC Plate Current 18 Ma. 


Peak Grid Swing . 

Load Resistance 

Power Output (5° 2nd harmonic) 
MODULATOR 

Maximum Operating Plate Voltage 

Maximum Plate Dissipation 

Typical Operation 

Ep—350 Volts, Eg 35 Volts, Ef—7.5 Volts. 
Modulation Factor . : 0.6 


= 7 “se ea 35 Volts 
_.10200 Ohms 
1.6 Watts 


Le 
12 Watts 


DC Plate Current —s astute Seiki intakes ‘ 5 Ma. 
Peak Grid Swing .- 7 31 Volts 
Oscillator Input per Modulator Tube 4.0 Watts 


* Selected for non-microphonic qualities. 
CLASS “B” SERVICE 


Maximum Operating Plate Voltage 450 Volts 


Maximum DC Plate Current (Unmodulated) —-...-_-__>>> ESF O80 Maa. 
Maximum Plate Dissipation a “ - . 15 Watts 
Maximum RF Grid Current 5 Amp. 
Maximum DC Grid Current 15 Ma. 


Typical Operation 
Ep—350 Volts, Eg 39 Volts, Ef—7.5 Volts. 
DC Plate Current (Unmodulated) 
Peak Power Output — 
Carrier Output, Modulation Factor 1.0 
CLASS “C” SERVICE 
Maximum Operating Plate Voltage: 
Moduleted (DC) , 
Unmodulated (DC) ee 
AC (RMS) aan 450 Volts 
Maximum DC Plate Current . —_— 60 Ma. 
For other maximum values, see Class B Service. 
Typical Operation 
Ep: 50 Volts, Eg- 
Power Outp ut 
Socket Type 


Se a 
” is 2 _..12 Watts 
3.0 Watts 


__.850 Volts 
100 Volts (approx.) Ef—7.5 Volts. 


10 Watts 
...UR-542 
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RADIOTRON UX-852 
TECHNICAL INFORMATION 


GENERAL 


Main Use 
Number of Electrodes 


Filament Voltage seaacabaie _.10 Volts 
Current ‘ ‘ 3. 25 Amperes 
Type __-ne"Thoriated Tungster 


Average Characteristic Values Calculated at 
Eb— 2000, Ec 108, Ef——10 volts D-C 
Plate Current 
Amplification Factor 
Plate Resistance 
Mutua! Conductangte 

Approximate Direct Interelectrode ‘Capacities 


ssbadiahii 10,000 Ohms 
= 1200 Micromhos 


Plate to Grid 3 mmf 

Grid to Filament . ; ' ‘ ‘ . sais 2 mmf 

Plate to Filament ‘ 1 mmf 
Maximum Overall Dimensions 

Length , ' 8% Inches 

Radius ata : 4% Inches 


Type of Cooling ‘ : eliieiindialisiitapcniaceiunaba peel 
R-F POWER AMPLIFIER—CLASS B 
Maximum Operating Plate Voltage 
Maximum Unmodulated D-C Plate Current 
Maximum Plate Dissipation ' 
Maximum R-F Grid Current 
Typical Operation 
Ep=—2000, Ec- 150, Ef—10 volts D-C 
Unmodulated D-C Plate Current 
Peak Output 
Carrier Output— Modulation Factor 1.0 
OSCILLATOR & R-F POWER AMPLIFIER—CLASS C 
Maximum Operating Plate Voltage 
Modulated D-C 
Unmodulated D-C 
A-C (R.M.S.) 
Maximum D-C Plate Current 
Maximum D-C Grid Current 
Maximum Plate Dissipation 
Maximum R-F Grid Current 
Typical Operation 
Ep 2000, Ec— 
Output 
Socket Type 


- 10 Amperes 


ee a 3000 Volts 


0.040 Amperes 
cael ‘ 10 Amperes 
250 approx. Ef—10 


a. UR-642 plus clips 











é... = 
—> ~< 
Amplification Factor taielisaaibatadassi 
Plate Resistance s sounded 6000 a 
Mutual Conductance ____..-.-..4200 Micromhos 
Approximate Direct Interelectrode Capacities 
Plate to Grid china Eee ee 15 mmf. 
Grid to Filament , scaaipiaiecapubediciaaiaia ee | 
Plate to Filament : idaansaanite ss idiesalsiiuehdtdeaiciaauaniamias ._ 7 mmf. 
Maximum Overall! Dimensions 
Length aici ncieiiaaidasbatitam si 7% Inches 
Diameter iciaemabinag seal aa oe 2+, Inches 
oe Type of Cooling eT eS Air 
et R-F POWER AMPLIFIER—CLASS B 
wir a By. Maximum Operating Plate Voltage - Ce ee 1250 Volts 
tiwle iy Maximum D-C Plate Current- -Unmodulated . iin 0.150 Amp. 
X as or taceinry Maximum Plate Dissipation ee eee 100 Watts 
> Maximum R-F Grid Current - ee : 7.5 Amperes 
a Typical Operation 
OuTLE Eb—1000, E-——35 and Ef—10 
D-C Plate Current—Unmodulated. _ 0.130 Amperes 
Peak Output sae Rstaiieiteecaieiianiale 160 Watts 
RADIOTRON UV-203A Carrier Output— Modulation ‘Factor + ae * —-— 40 Watts 
TECHNICAL INFORMATION OSCILLATOR & R-F POWER AMPLIFIER—CLASS C 
=e ah Maximum Operating Plate hieinaineda 
a Modulated D-C = a 
GENERAL Unmodulated D-C asian scuipcicnicuatiais taliicatabiaeniei 1250 Volts 
Main Use Maximum D-C Plate Current . snail 


Oscillator and R-F Power Amplifier 


Se UU 








Number of Electrodes NE ELEN aul ; 3 Maximum D-C Grid Current... = Ss 0.060 Amperes 
Filament Voltage i - 10 Volts Maximum Plate Dissipation ~— Sa 
Current : aiinitlembinaiketalniadiecdeseiis 3.25 Amperes Maximum R-F Grid Current iNtiaianlanee 7.5 Amperes 
Type __Thoriated Tungsten Typical Operation 
Average Characteristic Values Calculated at Eb—1000, Ec——-100 ——— hn and Ef—10 
Eb—1000, Ec 10 and Ef—10 volts Output Se ee: 
Plate Current 0.072 Amperes Socket Type EAE RR ADA UT-541 
—> <- 
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Oscillator and R-F Power Amplifier 


0.050 Amperes 


a 


3000 Volts 
0.085 Amperes 
100 Watts 


0.060 Amperes 
120 Watts 
30 Watts 


naa 2000 Volts 


ee 3000 Volts 
0.100 Amperes 


100 Watts 


tip sailanbliniibiblaniia 100 Watts 
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HE new 1A6 is an ideal tube for use 

as a mixer or first detector and oscil- 

lator, combined, in a dry-cell battery- 
operated superheterodyne. Its low filament 
current consumption permits design of eco- 
pomical and quiet-operating receivers. The 
new tube enables one to develop a super that 
consumes only 0.37 amperes filament current, 
for a S-tube receiver. Obviously, common 
dry-cells can be used for its operation. The 
new tube apparently solves many of the prob- 
lems of light-weight portable receiver design 
and opens a new market for the manufac- 
ture of inexpensive dry-cell operated supers 
for short waves. 

The short-wave fan will welcome the news 
of the arrival of this tube. The radio ama- 
teur will busy himself with the construction 
of an inexpensive super that assures quiet 
operation. 

The 1A6 has a 2-volt filament, which con- 
umes 0.06 amperes. It can be operated from 
iry-cells, from an air-cell or from a single 

volt storage cell. The plate-current con 
imption of a superheterodyne, using this 
nd other 2-volt tubes, is very low. A set 
f good B-batteries should give service for 
Imost a year, under ordinary operating con 
litrions, and four dry-cells, connected in two 
banks (series-parallel), should likewise give 
ing and faithful service. 

_Heretofor e, short-wave fans and_ radio 

ateurs had to content themselves with re 


enerative or t.r.f. receivers dry-cell oper 
tion was desired. The new 1A6 permits 
general use of a superheterodyne for those 
who will accept nothing short of dry-cell 
peration. 

There is no “hum” to be 1 ina 
ry-cell receiver; no power un uired 
Weak signals are more easily 

The circuit diagram shows sing 





the new tube. A ‘34 tube is used in the 
lio-frequency stage ahead of the 1A¢ 


{'s are also used in the Intermediate stages 


A 5-tube dry-cell-operated super would use 
e '32 tube as a second detector and a ] 


Class A output stage. For greater vol 
ne, but with greater current consumption 
he "19 tube in the output stage, with a 
) as a driver, would give more than 2,00 
I illiwatts of audio output Here 1S tl Cc le 4 
nd for the circuit diagram: 

1 mfd. 
1,C2 Ganged tuning condenser 
3 Padding condenser 
4 Oscillator grid condenser, 200 mmf. 
1 Oscillator grid inductance | 
‘2 Oscillator plate inductance 5 ¥P#€¢ 
plate inductance 
{ Mutual L1 to L2 
ik. 230 A 
Ri Adjust to limit total cathode current 
to 9 MA. (Usually 50,000-100,000 
ohms with 100 v. Ec3-5). 
S$1&S2 On-off switch (ganged together) 
R3 500,000 ohm filter resistors 
R4 Volume control. (Value should be 
such that it causes life of C battery 
to be equal to plate battery. The 
usual value is from 150,000-250,000 
ohms.) 
The use of variable bias battery, essential 
n this circuit for volume control, differs 
from the method in which bias is obtained 
trom the power source, or from a dropping 
resistor. The potentiometer shunted across 
the 22.5-volt battery should rete a resistance 
f from 150.000-250.000 ohm Improved 
battery life will result if the bi: as battery cir 
cuit is opened by a double-pole switch 
hich opens the 22.5-volt battery circuit at 
the same time the set is turned off. 
The design of a super using the 1A6 tube 
s not difficult. The r.f. input c il, the if 
ransformers and the gang-tuning arrange- 





A 2-Volt Dry-Cell Super Using the New 1A6 Tube 


ments are all conventional. In designing the 
oscillator coils for the 1A6 the coupling 
should be a little greater than that usually 
used for triode oscillators. The ratio of 
M/L, the mutual inductance M between os- 
cillator anode coil and grid (tuning) coil 
should be from 0.25 to 0.40. Higher values 
of coupling may give rise to difficulty in the 


preferably single silk enamel or double cot 
ton covered. This constitutes the plate coil 
Insulated from the plate coil with a thin 
layer of paper or other insulating material 
wind a coil with 91 turns of wire. This 
constitutes the grid, or tuning coil. No. 28 
wire is suitable for winding the coils. The 
oscillator thus produced will approximately 
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Superheterodyne circuit showing proper use 
of new 1A6 Pentagrid Converter Tube The 
following tubes are required for this receiver: 
"34 as r.f. amplifier ahead of 1A6; "34's for the 
intermediate stages; °32 for second detector; 





1 if Class A output stage is desired, or "19 if 
Class B output is used 4 °30 will drive the 
"19 satisfactorily Using a °31 in the output 
stage the tube filaments for this 2-volt dry-cell 
super will consume only 0.37 amperes, assuring 
long battery life. 
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The 1A6 and 2A7-6A7 tubes employ similar circuits 
and coil design. The above drawing, courtesy of 
RCA-CUNNINGHAM, will help you in selecting the 
proper 1.F. coils for a super using the 1A6 tube 
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Frequency Meters 
By WILLIAM P. HUGHES* 


HE determination of frequency is one 

of the major problems confronting the 

amateur. In its simplest form a fre- 
quency meter consists of a coil shunted by 
a variable condenser, with some method for 
indicating when the meter is in tune or reso- 
nance. Figure 1A shows the use of a hot 
wire or a thermocouple ammeter as the 
resonance indicating device. In figure 1B we 
see a crystal detector and milliammeter 
coupled by means of a few turns to the fre- 
quency meter, to indicate resonance. This 
particular method has the advantage that 
damage to the meter M will not affect the 
calibration of the instrument. While these 
meters are useful and absolutely indispen- 
sable in general radio laboratory work, they 
have no place in the amateur station as 
accurate frequency checks. 

The elimination of absorption type fre- 
quency meters leaves, as our best bet, the 
use of some tube oscillator. For various rea- 
sons, of the utmost importance, an electron 
coupled oscillator is chosen. First, the elec- 
tron coupled oscillator is one of the most 
stable known. Secondly, with the proper 
plate and screen voltages applied to the ele- 
ments of the tube, slight variations in supply 
voltages will have a negligible effect on the 
frequency. Third, the high harmonic con- 
tent of the output circuit makes the use of 
plug-in coils unnecessary, and last but by no 
means least, a load can be applied to the 
output circuit without any frequency shift. 

Circuit diagrams of efficient electron 
coupled oscillators, which can also be used 
as monitors, are given in Figures 2 and 3. 
The first shown is the usual circuit employed 
by hams, while the second is used in the 
REL Cat. No. 291 frequency meter and moni- 
tor, pictured in Figures 4 and 5. 

This instrument can be taken as an ex- 
ample of the high spots desired in a prac- 
tical ham job. 

1. Rigidity of construction; thin panels 
and insecure mounting of parts cannot be 
countenanced in an accurate meter. If it is 
necessary to use a panel of less than %-in. 
thickness, it should be backed up by another 
bakelite panel. The same applies to the sides 
of the containing cabinet. The writer has 
seen several frequency meters which could 
be tuned by applying pressure of varying 
intensities to the sides of the cabinet. 

2. The Dial; this should be an accurately 
engraved vernier dial of the type which elim- 

ites parallax. A smooth running dial, ab- 
solutely free from backlash, is essential. 

Band Spread Condenser: a well-made 


* Radio Engineering Laboratories. 

















FIG. 4 





FIG, 1A-1B 
showing the use of a 
hot-wire or thermo-couple 
ammeter as the resonance 

indicating device. 


C1-C2—Band-spread Condenser. 
C3—Grid condenser, .0002 mfd. 
C4-C5—0.1 mfd. by-pass condensers. 
C6—.00005 mfd. 


FIG. 2—Conventional Circuit Diagram of an Electron- 
Coupled Frequency Meter. 


R.E.L. Cat. No. 187-H. 


R1—50,000 ohm, non-inductive. 

Re—0.1 meg. 

SW—SPST switch. 

J—Single-circuit closed jack. 

L—75 turns No. 36 enameled wire on 1-in, dia. tubing, tap 
25 turns from grounded end. 














BLACK 


L1-L2—R.E.L. Cat. 291A special inductance. 

C1-C2—R.E.L. Cat. 187-H tank and vernier 
cond. 

V1—UY tube socket for 36 or 24-A tube. 

SW1—Yaxley No. 210 pilot light and switch. 

R1—0.1 meg grid leak. 

R2—15000 ohm resistor grid leak type. 

R3—15000 ohm resistor grid leak type. 

R4i—50000 ohm resistor grid leak type. 










BLACK) GREEN 
& BLUE 


FIG. 3. J-1 (Red) and J-2 (Black) are the Output Terminals. 
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C3—.0002 mfd. receiving type fixed condenser. 

C4, 5, 6—0.1 mfd. 300-volt by-pass condensers. 
(If possible, obtain the three condensers 
mounted in one case with a common connec- 
tion. 

C7—.00005 mfd. receiving type fixed condenser. 

Ji-J2—Output and ground jacks—Yaxley No. 
422, or plain binding posts. 

J3—Single circuit—closed jack. 








condenser, preferably of the tank and vernier 
type, is to be desired. A condenser of this 
construction permits the placing of a lumped 
capacity across the inductance so that the 
vernier will give wide spread tuning over 
the band desired. Choose a condenser hav- 
ing heavy plates as they are less likely to 
bend, due to slight jars in handling. 

4. Voltage Stabilization; the use of re- 
sistors R2 and R3, in Fig. 3, provides volt- 
age stabilization in that the proportion of 
screen to plate voltage is maintained when 
variations in the high voltage supply occur. 

















FIG. 5 


The R.E.L. Cat. No. 291 frequency meter-monitor which is built along the lines mentioned in this article. 


< 
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5. Calibration Curve; a large calibration 
curve for the instrument should be drawn so 
that readings, commensurate with the accu- 
racy of the meter, can be made. Many ama 
teurs err in this matter, by making curves 
which can be read only to 1 per cent, while 
the accuracy of their meter is .1 per cent 
or better. A standard size of cross-section 
paper, 18 inches by 23 inches, with 10 by 
10 lines to the inch, is available from sup- 
ply houses for this purpose. 

The construction of an electron coupled 
frequency meter should present no difficul- 
ties, if due care is given to the main points 
stressed above. Constants for the compo- 
nents are given under each circuit diagram. 

After the meter has been wired and given 
a preliminary test, it is well to see that the 
vernier completely covers the band from 
1715 to 2000 Ke. before calibration is at- 
tempted. This can be checked by listening 
to the meter, with the output coupled to the 
antenna of your receiver. From previous ex- 
perience with your receiver, you should be 
able to roughly check whether the vernier 
covers the entire 160-meter band with about 
ten degrees to spare at each end of the dial. 
When this is determinéd the position of the 
vernier condenser should be locked or fixed 
in some manner to prevent any movement 
while handling. The next step is to look up 
the schedules of standard frequency stations, 
such as W6XK, W9XAN and W1XP. When 
the time for calibration approaches, have the 

(Continued on Page 45) 
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Radio Commission Continued 


HE Federal Radio Commission is to be 

continued, not being affected by Presi- 

dent Roosevelt's plan for reorganizing 
the government departments and independ- 
ent bureaus. During consideration of the 
government office reorganization plan, the 
Radio Manufacturers’ Association and other 
radio interests, notably the National Asso- 
ciation of Broadcasters, urged that the Com- 
mission be not abolished, transferred to the 
Department of Commerce or otherwise dis- 
turbed. 


New F. R. C. Amateur Regulations 


HE new regulations of the Federal Ra- 
dio Commission, effective October 1, 
1933, contain many important changes. 

One regulation, effective immediately, al- 
lows amateur radio-telephony between 1800 
and 2000 k.c. for the “160-meter band.” The 
28,000-28,500 k.c. band is now open for 
radio-telephone transmission and telephone 
operation is also permissible on the 56,000- 
60,000 k.c. and 400,000-400,001 k.c. bands. 
These bands are open for use by all licensed 
amateurs, without restriction. No special en- 
dorsement, or other authority, is needed for 
operation in these bands. 

Perhaps the most important of the new 
regulations is one forbidding the use of im- 
properly filtered direct-current plate supply 
on frequencies below 14,400 k.c. This marks 
the end of broad, interfering waves. It can- 
not but help relieve some of the present 
congestion in the amateur bands but the new 
regulation will give rise to much contro- 
versy in amateur circles. 

The discontinuance of the Amateur Extra 
First Class License will be mourned by some, 
but usually those who are capable of passing 
the examination for this class of license are 
also capable to pass the examination for a 
regular commercial license. 

The new regulations for amateur license 
are extremely fair and should work no hard- 
hip on anyone. The 125-mile airline re- 
juirement may inconvenience some amateurs 
but it will be soon accepted as a generally 
good regulation. All in all, the new regula- 
tions are a step in the right direction for 
imateur radio. Here is a complete summary 
of the high-light of the new regulations: 

New Amateur Regulations of the Federal 
Radio Commission. 

The following new amateur regulations are 
effective immediately: 

The following bands of frequencies are 
‘pen for use by amateur stations using radio 
elephone, type A-3 emission: 

1,800 to 2,000 k.c. 
28,000 to 28,500 k.c. 
56,000 to 60,000 k.c. 

400,000 to 401,000 k.c. 


The following excerpts cover the import- 
int points of new amateur regulations which 
will become effective on October 1, 1933. 

Licenses for amateur mobile stations will 
be issued for portable mobile stations located 
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aboard aircraft, and capable of operating in 
the 56,000-60,000 k.c. and 400,000-400,001 
k.c. bands only. 

All bands of frequencies so assigned may 
be used for radio telegraphy, type A-1 emis- 
sion. Type A-2 emission may be used in the 
following bands: 


28,000 to 30,000 k.c. 
56,000 to 60,000 k.c. 
400,000 to 400,001 k.c. 


The following bands of frequencies are 
open for use by amateur stations using radio 
telephony, type A-3 emission: 


1,800 to 2,000 k.c. 
28,000 to 28,500 k.c. 
56,000 to 60,000 k.c. 

400,000 to 400,001 k.c. 


Amateurs who hold radio operator licenses 
endorsed for the Class A privilege may use 
radio telephony, type A-3 emission, in the 
following bands of frequencies 

3,900 to 4,000 k.c. 
14,150 to 14,250 k.c. 


Licensees of amateur stations using fre- 
quencies below. 14,400 k.c. shall use ade- 
quately filtered direct current power supply 
for the transmitting equipment, to prevent 
frequency modulation and broad signals. 

Those holding amateur portable station 
licenses shall advise the Inspector in Charge, 
in advance, of all locations where portable 
stations will be used, approximately, and fur- 
ther notices each 30 days thereafter are re- 
quired, 

The amateur operator classifications are 
changed, the following licenses being issued: 
Class A—Unlimited Amateur Privileges. 
Class B—Unlimited Radio Telegraph Priv- 
ileges. Radio telephone operation restricted 
to 1800-2000 k.c.; 28,000-28,500 k.c.; 56,000- 

60,000 k.c.; and 400,000-400,001 k.c. 

Class C—Same as Class B Privileges, ex- 
cept that the Commission may require the 
licensee to appear for a supervisory written 
examination and code test during the license 
term. 

Applicants for Class A amateur licenses 
will be required to have held an amateur 
operator license at least one year, and must 
appear personally for examination at an of- 
fice of the Commission (or at examinations 
conducted at designated locations in the 
field). Applicants must be able to send and 
receive not less than 10 words per minute, 
must have a technical knowledge of amateur 
radio apparatus, both telegraph and tele- 
phone, and must be familiar with the Radio 
Act of 1927, subsequent acts, treaties, and 
rules and regulations of the Federal Radio 
Commission, with particular reference to 
amateur licenses. 

Requirements for Class B privileges are 
similar to those for Class A, except that no 
experience is required, and the questions on 
radio-telephone apparatus are not so exten- 
sive. 

Requirements for Class C operator licenses 


2. 
. 


Shall be the same as Class B, except that 
the examinations are to be given by mail. 
To be eligible for this class of privilege the 
applicant must reside more than 125 miles 
(airline) from Washington, D. C., a radio 
district office of the Commission, or in a 
city where examinations are held. 

Applicants who have held a radio-tele- 
phone second-class license, or higher, or an 
equivalent commercial grade license, or who 
have been given unlimited amateur radio- 
telephone privileges within the five years be- 
fore date of application, may only be re- 
quired to submit proof as to code ability, 
and knowledge of the laws, 
treaties, etc., affecting amateurs. 

Applicants for the Class B or Class C 
amateur operator's privileges who have held 
a radio-telegraph license, or 
higher, or an equivalent commercial license, 
or who have held an amateur extra-first class 


license within five years from the date of 


regulations, 
third-class 


application, will be granted licenses by pass- 
ing an examination in laws, treaties and 
regulations affecting amateurs. 

All amateur operator and station licenses 
are to be issued for a three-year period 

The former radio districts are ‘amateur 
call areas’ and the same numerical system of 
assigning call letters will be continued. 


Temporary Amateur Class 
Licenses Renewable Again 
MATEURS holding Temporary Licenses 


and residing more than 100 miles air- 

line distance from a city where exam- 
inations are held may now renew their li- 
censes upon expiration, without examination. 
The Federal Radio Commission has changed 
the Regulations Governing the Issuance of 
Radio Operators [%censes as follows: ‘“Tem- 
porary amateur class licenses may be re- 
newed without examination provided the fol- 
lowing proof is submitted in affidavit form 
(1) That the applicant after having received 
notice of examination was unable to appear 
on the date specified because of residing 
more than 100 miles (airline) from the exam- 
ining point, or that he was unable to appear 
for examination because of illness or other 
emergency circumstances; and, (2) That the 
applicant has communicated by radio, using 
the Continental Morse Code, with at least 
three amateurs during the last three months 
of the license term. The call letters of the 
amateur stations with which communication 
was carried on, as well as the 
date of each communication, must be stated 
In the absence of sufficient reason for the 
applicant's failure to appear for examination, 
or failing to pass the examination for the 


I 


time and 








amateur first class license the temporary 
amateur license held will be cancelled i 
the holder will be required to wait for a pe- 
riod of ninety davs from the date of can- 
cellation of the temporary license held, or 
from the date he failed to pass the exan 
ination for the amateur first class license 
before making application for a new license 
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Add-a-Stage Beginner's Crystal-Control Transmitter 


Part |I—Showing How to Add a 210 Amplifier to the 2A5 Oscillator Which Was Described In 


Epiror’s Note—Readers have asked why 
the Beginner's Transmitter was designed for 
use in the 80-meter band. Beginner's luck 
depends on the ability of others to answer 
his calls. There are more beginners on the 
80-meter band and more recognition is given 
the newcomer’s QSO’s. Furthermore, the 80- 
meter band has suddenly become a humdinger 
for DX. Coast amateurs are working VK’s 
and ZL’s, Eastern amateurs are working the 
Coast. In midsummer the band seems almost 
as good as it was in winter months. Amateurs 
everywhere are remarking about the unusually 
fine DX that is being done on 80. Two 
months ago the 80-meter band was quite 
dead. But something has happened of late, 
and the band has come to life with a bang. 
The addition of an amplifier stage to the 
original transmitter, as herein described, will 
enable many an amateur to hang-up some fine 
new records on 80. This transmitter is not 
a theoretical brainstorm, neither is there any- 
thing new about it. Yet, it has worked New 
Zealand on 80; it costs but little to build. 
Nothing could be more simple, more inex- 
pensive than the oscillator-amplifier outfit here 
described. A doubler can be added at any 
time, so that 40-meter transmission can be 
enjoyed. Next month’s RADIO will tell you 
how to do it. But if you want a real thrill 
on the 80-meter band, give this simple two- 
tuber a whirl. It has proved its worth. 


—__—_—____—. 900 
Te large and unexpected amount of 


correspondence received in regard to 

the construction of the simple one- 
tube crystal control transmitter described in 
last month’s issue brings up a question, al- 
most general in character, “Why was a 2A5 
tube used instead of a 47?” 

The 2A5 is a newer tube, is low in price, 
has given better results in actual test, when 
used with a low-voltage power supply, such 
as a B-eliminator of the receiving set type. 
Many beginners like to begin at the begin- 
ning, with the most inexpensive equipment 
that money can buy. The 47 tube is easily 
substituted for the 2A5 in this transmitter 
and the builder can make the change by 
merely referring to the Radio Notebook dia- 
grams shown in the June issue. The 2A5 is 
a slow heater, the 47 heats rapidly. But the 
2A5 gives greater output than the 47 when 
low power is used. Therefore, it is a most 
economical transmitter to build. 

Under actual operation conditions this 2A5 
transmitter has been doing fine work over 
distances of more than 1000 miles, with 250 
volts on the plate. It has given far 
better results than the much-used "45 trans- 
mitters and the signals from this little 2A5 
outht have been pronounced “perfect” by 
many who have reported. With the present 
congestion in all amateur bands, it is a sign 
of good sportsmanship to use crystal control, 
not to mention the greater distances that are 
spanned with this little 2A5 outfit. If more 
power output is wanted, one need but in- 
crease the plate voltage to 500, or even to 
750 and substitute the 47 tube for the 2A5. 
The 47 will stand up under 750 volts in a 
C.W. transmitter because only an intermit- 
tent load is applied. However, the key should 
not be held down for long intervals. 

So it remains for the builder to decide 
which tube to use. If the pocketbook per- 
mits, the 47 can be used, with higher plate 
voltage, greater output. 

Fundamentally the circuits are the same. 
The purpose of this series of low-priced 
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Complete circuit diagram of oscillator-amplifier 
Beginner’s Transmitter using 2A5 tube as oscilla- 
tor and 210 as amplifier. Separate power units are 
used. For simplicity, each of the four fundamental~ 


units are shown in broken-line enclosures. Con- - 


nector leads from oscillator to power unit, from 
oscilator to amplifier, and from amplifier to its 
separate power unit, are all shown in dotted lines, 
although these connections, when made, are run 
direct to the connector terminals on the respective 
units. In place of the 2A5 tube in the oscillator 

a °47 can be used by making a simple change in 

socket connections. Refer to the RADIO NOTE- 

BOOK page in the June issue for circuit diagram. 

Here is the Legend and List of Parts for this 
beginner’s transmitter: 

OSCILLATOR 

X—Crystal, 80 meters. 

Ri—Resistor across crystal, 5,000 to 50,000 ohm 
(not critical). This resistor can be an ordinary 
2-watt type. 

R2—20-ohm, center-tapped resistor across filament 
terminals. This resistor is not required if a 
center-tapped filament transformer is used. 
(The center-tap of such a transformer is con- 
nected to the negative B terminal and the 20- 
ohm center-tap resistor is eliminated). 

R3—40,000 ohm, 2 watt resistor. This resistor re- 
duces the voltage supplied to the screen of the 
2A5 tube. 

Ci—Variable condenser, receiving type, 9 to 13 
plates. 

C2—.002 mfd. mica fixed condenser. 

C3—.002 mfd. mica fixed condenser. 

Li—Plate inductance, 30 turns, No. 20 double silk 
covered wire, wound on 1%4-in. dia. coil form 
(4-prong type). : 

MA—0-100 (or 0-200) Readrite Milliammeter. 

Note:—A ground connection can be made to the 

negative B terminal but this is not absolutely 
essential. 

POWER SUPPLY FOR OSCILLATOR 

The 2A5 tube should not be supplied with more 
than 250 volts, in which case an ordinary receiv- 
ing set power supply can be used for the oscillator. 

If a ’47 tube is used, in place of the 2A5, the tube 

will oscillate on 250 volts but it will give greater 

output if the voltage is increased to over 400 volts. 

Parts for Oscillator Power Unit: 

1—2.5 volt filament transformer, receiving set 
type, for lighting 2A5 (or ’47) tube filament. 
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1—5 volt filament transformer for lighting ’80 
tube filament. 

1—250-CT-250 (or higher voltage) power transform- 
er, receiving set type. 

1—Type ’80 rectifier tube. 

1—4-prong socket for tube. 

1—Receiving set type power unit choke coil, 30 
henrys, 60 milliamps. 

1—8 mfd. filter condenser, electrolytic. Two of 
these can be connected in series, in which case 
the working voltage will be doubled, but the 
capacity will be only 4 mfds. However, 4 mfds. 
is ample for this power unit. 

210 AMPLIFIER STAGE LEGEND 

C6—.00025 mfd. mica fixed condenser. 

C7—Neutralizing condenser, about 7 plates, midget 
receiving type. 

C8—Plate tuning condenser. Receiving type. 
-00035 mfd. 

C9—Antenna feeder tuning condenser, Receiving 
type, .00035 mfd. 

C10—.002 mfd. fixed mica condenser, 

Cll—Ditto. 

C12—Ditto. 

L2—Plate Inductance Coil, 30 turns, No. 20 double 
silk covered wire, space wound on 1%%-in. dia. 
- os. and tapped 4 turns from lower end 
of coil. 

L3—Antenna Inductance, 10 to 20 turns No. 20 
double silk covered wire, wound on 1%-in. 
dia. form. Correct number of turns must be 
found by experiment. 

MA—0-200 MA milliammeter, Readrite. 

RFA—0-2A R.F. Antenna Meter. 

210 AMPLIFIER POWER SUPPLY 

Parts Required: 

1—7.5v. center-tapped filament transformer for 
210 tube. 

1—5v. center-tapped filament transformer for 5Z3 
tube. 

1—5Z3 Rectifier tube. (Choke input can be used 
with this tube). 

1—Power Transformer, 620-CT-620, or 750-CT-750 
volts. 

1—30 henry choke (minimum 125 ma. current capa- 
city). 

1—SPST 110-volt line switch. 

1—4 MFD. 1000-volt filter condenser, or a bank of 
two or four 8 MFD dry electrolytic condensers 
connected in series. A good D.C. note can be 
secured from as little as 1 mfd. for the filter 
condenser. 
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transmitter constructional articles is to give 
the amateur the most for the least money. 
This month's article deals with amplifiers 
for use in conjunction with the original os- 
cillator. Here, again, two choices confront 
the builder. The price bugaboo once more 
enters into consideration. You have your 
choice of a 46 tube as an amplifier, or you 
can use the larger and more powerful 210. 
No buffer is required, so why go to the ex- 
pense of adding such a stage? Because most 
beginners get their start on the 80-meter 
band, the amplifier here described is for use 
in that band. The oscillator stage feeds di- 
rectly into the amplifier. Two circuit dia- 
grams are shown—one for the 46 tube as an 
amplifier, the other for the 210 tube. 


5 


With a 2A5 tube as oscillator, and a 210 
as amplifier (no buffer stage being used), a 
similar transmitter in use in the laboratory 
has been reaching to Georgia, New Jersey 
and Ohio from San Francisco. That's not so 
bad, in these months when conditions are 
none too good. The laboratory transmitter 
is connected to an 80-meter Zepp antenna, 
the exact dimensions being shown in Fig. 1. 

The amplifier baseboard, whether for use 
with a 46 or 210 tube, is the same size. 
Likewise, it is the same size as the oscillator 
baseboard, so that both stages can be ar- 
ranged side-by-side on the table. Uniformity 
is maintained, and a business-like appearance 
is given the entire outfit. The amplifier stage 
uses a separate power supply. It is advisable 
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A *46 can be used instead of a 210. Here is 


the circuit. The filament voltage of the 


"46 is 2.5 volts. 











to feed the amplifier stage separately, thus 
permitting the use of two low-priced trans- 
formers. The market is offering transform- 
ers of relatively high voltage for a 210 amp- 
lifier stage for as little as $2.25. The circuit 
diagram of the power supply for the ampli- 
fier stage is so simple that explanation is 
not needed. 

If a 210 tube is used in the amplifier stage, 
it can be made to carry 750 volts in the 
plate circuit without injury to the tube. 
Again, this is because the load is applied 
only when the key is depressed. Ordinary 8- 
mfd. dry electrolytic condensers are used in 
the rectifier circuit and a number of these 
are connected in series-parallel. The labora- 
tory transmitter, using 750 volts, is giving 
fine results with a bank of six 8-mfd. con- 
densers, four in each bank, connected in 
series-parallel. 

The transmitter emits a pure d.c. note, 
one that you can be proud of. If you can- 
not afford to buy a 750-volt transformer for 
the amplifier stage, a smaller transformer 
will give satisfaction, although the output of 
the transmitter will be decreased. At any 
rate, the addition of this amplifier stage to 
the original transmitter, with only 450 or 
500 volts on the amplifier tube, will give the 
signal a real boost and will greatly increase 
its range. 

The parts should be placed and spaced as 
shown in the lay-out pictorial. Short, direct 
leads in the plate and grid circuit are of 
paramount importance. 


TUNING 


UNING is made extremely simple, even 
for the novice, if instructions are fol- 
lowed to the letter. A small neon glow 
tube is all that is required. The milliam- 
meters on the front panels of the oscillator 
and amplifier stages must be watched closely. 
Step by step, the procedure is as follows: 

(1) Connect the amplifier stage to the os- 
cillator. Turn on the plate and filament cur- 
rent for both stages, but remove the rectifier 
tube from the power supply that feeds the 
amplifier stage. Hold the glow lamp near 
the plate-lead end of the coil in the oscil- 
lator stage. Adjust the oscillator plate con- 
denser until maximum brilliance is indicated 
by the neon glow lamp. Look at the oscil- 
lator milliammeter. It will read somewhere 
between 20 and 45 milliamps. Slowly ro- 
tate the plate condenser of the oscillator cir- 
cuit and a sudden rise in plate current will 
be indicated by the milliammeter. This rise 
indicates that the circuit it NOT tuned prop- 
erly. Rotate the condenser until maximum 
brilliance is indicated by the glow lamp, yet 
MINIMUM indication shown by the mil- 
liameter. This is an indication that the os- 
cillator stage is tuned to resonance. 

(2) With the amplifier stage connected to 
the oscillator, with the rectifier tube in the 
amplifier power supply unit removed from 
its socket, but with the filament of the tube 
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Pictorial Wiring for 
Beginner's 210 Amplifier 
The baseboard and front- 
panel for this stage is the 
same in size and appearance 
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as the one used for the oscil- 
lator stage which was shown 
in the June issue. However, 
the respective positions of 
the milliammeter and con- 
denser dial are reversed so 
that all connecting leads can 
be made as short as pos- 
sible. Note the placing of 
the plate condenser, socket 
for the plate coil and socket 
for the 210 tube. The plate 
coil plugs into a 4-prong 
socket, of which only two 
contacts are used (F-F). 
The remaining two unusued 
contacts are bridged with 
connectors, shown in det- 
ted lines; consequently the 
plate lead from condenser 
to coil can be run direct to 
the plate of the tube. The 
neutralizing condenser (C- 
7) is secured to the base- 
board. A bakelite extension 
shaft, protruding through a 
hole in the front panel, is 
used to vary the capacity 









































of the neutralizing con- 
denser. This shaft is placed 
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Another method for mount- 
ing the neutralizing con- 
denser would be in an up- 
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tension shaft to the front panel would not then be required. 
mounted on the baseboard, if desired, directly behind the neutralizing condenser. Most constructors 
prefer to install these condensers in the power supply unit. 


Fixed condensers C10-C1l can be 














in the amplifier stage lighted (no plate volt- 
age being supplied to the amplifier tube), 
we are ready to NEUTRALIZE the amplifier 
stage. The plate voltage is not supplied to 
the amplifier until AFTER this stage has 
been neutralized. Connecting the amplifier 
to the oscillator usually results in throwing 
the oscillator stage out of resonance, because 
the oscillator is now feeding into the ampli- 
fier. It is merely necessary to slowly adjust 
the oscillator condenser until maximum bril- 
liance is shown in the glow lamp. 

(3) Hold the glow lamp near the top of 
the plate coil of the amplifier stage. Slowly 
rotate the neutralizing variable condenser 
until the glow in the lamp is extinguished. 
Now look at the milliammeter in the oscil- 
lator stage. Does it still read the same as 
it did when the oscillator was first tuned to 
resonance? If not, slowly readjust the oscil- 
lator plate condenser until the oscillator is 
again in resonance. Hold the glow lamp near 
the top of the plate coil in the amplifier 
stage once more. If it glows, the amplifier 
is NOT neutralized. Slowly rotate the neu- 
tralizing condenser once more until the glow 
is extinguished. Again see if the oscillator 
stage is still in resonance, for if the oscil- 
lator is not in resonance, a false indica- 
tion will be secured. Every time a change 
in the neutralizing condenser is made, it is 
advisable to immediately check back on the 
oscillator to see if it is still oscillating, as 
indicated by the glow in the lamp when held 
near the oscillator plate coil. 

When you find the position of the neu- 
tralizing condenser where the lamp will 
NOT glow, and with the oscillator circuit 
in resonance, slowly rotate the plate tuning 
condenser of the amplifier stage. Perhaps the 
lamp will glow again, when held near the 
plate coil of the amplifier stage. If so, this 
is an indication that the amplifier is NOT 
completely neutralized. And this necessitates 
another adjustment of the NEUTRALIZING 
condenser, until a point is found where the 
lamp refuses to glow. But, again, look and 
see if the oscillator stage is still in resonance, 
because changes in the tuning of the ampli- 
fier stage often throw the oscillator out of 
oscillation. 


(4) The final check-up. The amplifier stage 
is tuned when and if: 

(a) The oscillator stage is in reso- 
nance, as indicated by a glow in the 
lamp, when held near the oscillator plate 
coil. 

(b) The neutralizing condenser has 
one ‘‘spot’’ where the glow lamp ceases 
to glow, when this “spot” is found. 

(c) The plate condenser of the ampli- 
fier stage, when rotated over its entire 
scale, shows NO illumination of the 
glow lamp. 

Consequently, any glow in the lamp, when 
held near the plate coil of the amplifier 
stage, and indicated when the plate condens- 
er of the amplifier is rotated over its en- 
tire scale, is an indication that the stage is 
NOT neutralized properly. A little practice 
and a bit of patience will make neutralizing 
















ZEPP ANTENNA 

FOR BEGINNER’S 

TRANSMITTER 

For 80 Meters: 

A—132 ft. 

B—45 to 66 ft. 

C—.00035 mfd. var. 
condenser. 

L3—Antenna Induct- 
ance 10 to 20 
turns on 1'% or 2- 

inch dia. form. 


easy for anyone. But always remember 

the oscillator stage must be in resonance, else 
you will get a false indication in the ampli- 
fier stage. 

To make this explanation more simple, the 
amplifier is neutralized when NO GLOW is 
indicated by the lamp, when it is held near 
the amplifier stage plate coil, no matter in 

(Continued on Page 45) 
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Add-a-Stage Beginners Crystal-Control Transmitter 
Part !|—Showing How to Add a 210 Amplifier to the 2A5 Oscillator Which Was Described In 


Epiror’s Note—Readers have asked why 
the Beginner's Transmitter was designed for 
use in the 80-meter band. Beginner's luck 
depends on the ability of others to answer 
his calls. There are more beginners on the 
80-meter band and more recognition is given 
the newcomer’s QSO’s. Furthermore, the 80- 
meter band has suddenly become a humdinger 
for DX. Coast amateurs are working VK’s 
and ZL’s, Eastern amateurs are working the 
Coast. In midsummer the band seems almost 
as good as it was in winter months. Amateurs 
everywhere are remarking about the unusually 
fine DX that is being done on 80. Two 
months ago the 80-meter band was quite 
dead. But something has happened of late, 
and the band has come to life with a bang. 
The addition of an amplifier stage to the 
original transmitter, as herein described, will 
enable many an amateur to hang-up some fine 
new records on 80. This transmitter is not 
a theoretical brainstorm, neither is there any- 
thing new about it. Yet, it has worked New 
Zealand on 80; it costs but little to build. 
Nothing could be more simple, more inex- 
pensive than the oscillator-amplifier outfit here 
described. A doubler can be added at any 
time, so that 40-meter transmission can be 
enjoyed. Next month’s RADIO will tell you 
how to do it. But if you want a real thrill 
on the 80-meter band, give this simple two- 
tuber a whirl. It has proved its worth. 

"9D 


‘Te large and unexpected amount of 





correspondence received in regard to 

the construction of the simple one- 
tube crystal control transmitter described in 
last month's issue brings up a question, al- 
most general in character, “Why was a 2A5 
tube used instead of a 47?” 

The 2A5 is a newer tube, is low in price, 
has given better results in actual test, when 
used with a low-voltage power supply, such 
as a B-eliminator of the receiving set type. 
Many beginners like to begin at the begin- 
ning, with the most inexpensive equipment 
that money can buy. The 47 tube is easily 
substituted for the 2A5 in this transmitter 
and the builder can make the change by 
merely referring to the Radio Notebook dia- 
grams shown in the June issue. The 2A5 is 
a slow heater, the 47 heats rapidly. But the 
2A5 gives greater output than the 47 when 
low power is used. Therefore, it is a most 
economical transmitter to build. 

Under actual operation conditions this 2A5 
transmitter has been doing fine work over 
distances of more than 1000 miles, with 250 
volts on the plate. It has given far 
better results than the much-used '45 trans- 
mitters and the signals from this little 2A5 
outfit have been pronounced “perfect” by 
many who have reported. With the present 
congestion in all amateur bands, it is a sign 
of good sportsmanship to use crystal control, 
not to mention the greater distances that are 
spanned with this little 2A5 outfit. If more 
power output is wanted, one need but in- 
crease the plate voltage to 500, or even to 
750 and substitute the 47 tube for the 2A5. 
The 47 will stand up under 750 volts in a 
C.W. transmitter because only an intermit- 
tent load is applied. However, the key should 
not be held down for long intervals. 

So it remains for the builder to decide 
which tube to use. If the pocketbook per- 
mits, the 47 can be used, with higher plate 
voltage, greater output. 

Fundamentally the circuits are the same. 
The purpose of this series of low-priced 
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Complete circuit diagram of oscillator-amplifier 
Beginner’s Transmitter using 2A5 tube as oscilla- 
tor and 210 as amplifier. Separate power units are 
used. For simplicity, each of the four fundamental” 


units are shown in broken-line enclosures. Con- - 


nector leads from oscillator to power unit, from 
oscilator to amplifier, and from amplifier to its 
separate power unit, are all shown in dotted lines, 
although these connections, when made, are run 
direct to the connector terminals on the respective 
units. In place of the 2A5 tube in the oscillator 

a °47 can be used by making a simple change in 

socket connections. Refer to the RADIO NOTE- 

BOOK page in the June issue for circuit diagram. 

Here is the Legend and List of Parts for this 
beginner’s transmitter: 

OSCILLATOR 

X—Crystal, 80 meters. 

Ri—Resistor across crystal, 5,000 to 50,000 ohm 
(not critical). This resistor can be an ordinary 
2-watt type. 

R2—20-ohm, center-tapped resistor across filament 
terminals. This resistor is not required if a 
center-tapped filament transformer is used. 
(The center-tap of such a transformer is con- 
nected to the negative B terminal and the 20- 
ohm center-tap resistor is eliminated). 

R3—40,000 ohm, 2 watt resistor. This resistor re- 
duces the voltage supplied to the screen of the 
2A5 tube. 

Cl—Variable condenser, receiving type, 9 to 13 
plates. 

C2—.002 mfd. mica fixed condenser. 

C3—.002 mfd. mica fixed condenser. 

Li—Plate inductance, 30 turns, No. 20 double silk 
covered wire, wound on 1%%-in. dia. coil form 
(4-prong type). ‘ 

MA—0-100 (or 0-200) Readrite Milliammeter. 

Note:—A ground connection can be made to the 

negative B terminal but this is not absolutely 
essential. 

POWER SUPPLY FOR OSCILLATOR 

The 2A5 tube should not be supplied with more 
than 250 volts, in which case an ordinary receiv- 
ing set power supply can be used for the oscillator. 

If a 47 tube is used, in place of the 2A5, the tube 

will oscillate on 250 volts but it will give greater 

output if the voltage is increased to over 400 volts. 

Parts for Oscillator Power Unit: 

1—2.5 volt filament transformer, receiving set 
type, for lighting 2A5 (or °47) tube filament. 
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1—5 volt filament transformer for lighting ’80 
tube filament. 

1—250-CT-250 (or higher voltage) power transform- 
er, receiving set type. 

1—Type ’80 rectifier tube. 

1—4-prong socket for tube. 

1—Receiving set type power unit choke coil, 30 
henrys, 60 milliamps. 

1—8 mfd. filter condenser, electrolytic. Two of 
these can be connected in series, in which case 
the working voltage will be doubled, but the 
capacity will be only 4 mfds. However, 4 mfds. 
is ample for this power unit. 

210 AMPLIFIER STAGE LEGEND 

C6—.00025 mfd. mica fixed condenser. 

C7—Neutralizing condenser, about 7 plates, midget 
receiving type. 

C8—Plate tuning condenser. 
-00035 mfd. 

C9—Antenna feeder tuning condenser, Receiving 
type, .00035 mfd. 

C10—.002 mfd. fixed mica condenser, 

Cll—Ditto. 

C12—Ditto. 

L2—Plate Inductance Coil, 30 turns, No. 20 double 
silk covered wire, space wound on 1%%-in. dia. 
- mn, and tapped 4 turns from lower end 
of coil. 

L3—Antenna Inductance, 10 to 20 turns No. 20 
double silk covered wire, wound on 1%-in. 
dia. form. Correct number of turns must be 
found by experiment. 

MA—0-200 MA milliammeter, Readrite. 

RFA—0-2A R.F. Antenna Meter. 

210 AMPLIFIER POWER SUPPLY 

Parts Required: 

1—7.5v. center-tapped filament transformer for 
210 tube. 

1—5v. center-tapped filament transformer for 5Z3 
tube. 

1—5Z3 Rectifier tube. 
with this tube). 

1—Power Transformer, 620-CT-620, or 750-CT-750 
volts. 

1—30 henry choke (minimum 125 ma. current capa- 
city). 

1—SPST 110-volt line switch. 

1—4 MFD. 1000-volt filter condenser, or a bank of 
two or four 8 MFD dry electrolytic condensers 
connected in series. A good D.C. note can be 
secured from as little as 1 mfd. for the filter 
condenser. 


Receiving type. 


(Choke input can be used 
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transmitter constructional articles is to give 
the amateur the most for the least money. 
This month's article deals with amplifiers 
for use in conjunction with the original os- 
cillator. Here, again, two choices confront 
the builder. The price bugaboo once more 
enters into consideration. You have your 
choice of a 46 tube as an amplifier, or you 
can use the larger and more powerful 210. 
No buffer is required, so why go to the ex- 
pense of adding such a stage? Because most 
beginners get their start on the 80-meter 
band, the amplifier here described is for use 
in that band. The oscillator stage feeds di- 
rectly into the amplifier. Two circuit dia- 
grams are shown—one for the 46 tube as an 
amplifier, the other for the 210 tube. 


a) 


With a 2A5 tube as oscillator, and a 210 
as amplifier (no buffer stage being used), a 
similar transmitter in use in the laboratory 
has been reaching to Georgia, New Jersey 
and Ohio from San Francisco. That's not so 
bad, in these months when conditions are 
none too good. The laboratory transmitter 
is connected to an 80-meter Zepp antenna, 
the exact dimensions being shown in Fig. 1. 

The amplifier baseboard, whether for use 
with a 46 or 210 tube, is the same size. 
Likewise, it is the same size as the oscillator 
baseboard, so that both stages can be ar- 
ranged side-by-side on the table. Uniformity 
is maintained, and a business-like appearance 
is given the entire outfit. The amplifier stage 
uses a separate power supply. It is advisable 
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A °46 can be used instead of a 210. 
the circuit. 


Here is 
The filament voltage of the 
"46 is 2.5 volts. 











to feed the amplifier stage separately, thus 
permitting the use of two low-priced trans- 
formers. The market is offering transform- 
ers of relatively high voltage for a 210 amp- 
lifier stage for as little as $2.25. The circuit 
diagram of the power supply for the ampli- 
fier stage is so simple that explanation is 
not needed. 

If a 210 tube is used in the amplifier stage, 
it can be made to carry 750 volts in the 
plate circuit without injury to the tube. 
Again, this is because the load is applied 
only when the key is depressed. Ordinary 8- 
mfd. dry electrolytic condensers are used in 
the rectifier circuit and a number of these 
are connected in series-parallel. The labora- 
tory transmitter, using 750 volts, is giving 
fine results with a bank of six 8-mfd. con- 
densers, four in each bank, connected in 
series-parallel. 

The transmitter emits a pure d.c. note, 
one that you can be proud of. If you can- 
not afford to buy a 750-volt transformer for 
the amplifier stage, a smaller transformer 
will give satisfaction, although the output of 
the transmitter will be decreased. At any 
rate, the addition of this amplifier stage to 
the original transmitter, with only 450 or 
500 volts on the amplifier tube, will give the 
signal a real boost and will greatly increase 
its range. 

The parts should be placed and spaced as 
shown in the lay-out pictorial. Short, direct 
leads in the plate and grid circuit are of 
paramount importance. 


TUNING 


UNING is made extremely simple, even 
for the novice, if instructions are fol- 
lowed to the letter. A small neon glow 
tube is all that is required. The milliam- 
meters on the front panels of the oscillator 
and amplifier stages must be watched closely. 
Step by step, the procedure is as follows: 

(1) Connect the amplifier stage to the os- 
cillator. Turn on the plate and filament cur- 
rent for both stages, but remove the rectifier 
tube from the power supply that feeds the 
amplifier stage. Hold the glow lamp near 
the plate-lead end of the coil in the oscil- 
lator stage. Adjust the oscillator plate con- 
denser until maximum brilliance is indicated 
by the neon glow lamp. Look at the oscil- 
lator milliammeter. It will read somewhere 
between 20 and 45 milliamps. Slowly ro- 
tate the plate condenser of the oscillator cir- 
cuit and a sudden rise in plate current will 
be indicated by the milliammeter. This rise 
indicates that the circuit it NOT tuned prop- 
erly. Rotate the condenser until maximum 
brilliance is indicated by the glow lamp, yet 
MINIMUM indication shown by the mil- 
liameter. This is an indication that the os- 
cillator stage is tuned to resonance. 

(2) With the amplifier stage connected to 
the oscillator, with the rectifier tube in the 
amplifier power supply unit removed from 
its socket, but with the filament of the tube 
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Beginner's 210 Amplifier 
The baseboard and front- 
panel for this stage is the 
same in size and appearance 
as the one used for the oscil- 
lator stage which was shown 
in the June issue. However, 
the respective positions of 
the milliammeter and con- 
denser dial are reversed so 
that all connecting leads can 
be made as short as pos- 
sible. Note the placing of 
the plate condenser, socket 
for the plate coil and socket 
for the 210 tube. The plate 
coil plugs into a 4-prong 
socket, of which only two 
contacts are used (F-F). 
The remaining two unusued 
contacts are bridged with 
connectors, shown in det- 
ted lines; consequently the 
plate lead from condenser 
to coil can be run direct to 
the plate of the tube. The = 
neutralizing condenser (C- 
7) is secured to the base- 
board. A bakelite extension 
shaft, protruding through a 
hole in the front panel, is 
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tension shaft to the front panel would not then be required. 
mounted on the baseboard, if desired, directly behind the neutralizing condenser. 
prefer to install these condensers in the power supply unit. 


Fixed condensers C10-C1l can be 
Most constructors 

















in the amplifier stage lighted (no plate volt- 
age being supplied to the amplifier tube), 
we are ready to NEUTRALIZE the amplifier 
stage. The plate voltage is not supplied to 
the amplifier until AFTER this stage has 
been neutralized. Connecting the amplifier 
to the oscillator usually results in throwing 
the oscillator stage out of resonance, because 
the oscillator is now feeding into the ampli- 
fier. It is merely necessary to slowly adjust 
the oscillator condenser until maximum bril- 
liance is shown in the glow lamp. 

(3) Hold the glow lamp near the top of 
the plate coil of the amplifier stage. Slowly 
rotate the neutralizing variable condenser 
until the glow in the lamp is extinguished. 
Now look at the milliammeter in the oscil- 
lator stage. Does it still read the same as 
it did when the oscillator was first tuned to 
resonance? If not, slowly readjust the oscil- 
lator plate condenser until the oscillator is 
again in resonance. Hold the glow lamp near 
the top of the plate coil in the amplifier 
stage once more. If it glows, the amplifier 
is NOT neutralized. Slowly rotate the neu- 
tralizing condenser once more until the glow 
is extinguished. Again see if the oscillator 
stage is still in resonance, for if the oscil- 
lator is not in resonance, a false indica- 
tion will be secured. Every time a change 
in the neutralizing condenser is made, it is 
advisable to immediately check back on the 
oscillator to see if it is still oscillating, as 
indicated by the glow in the lamp when held 
near the oscillator plate coil. 

When you find the position of the neu 
tralizing condenser where the lamp will 
NOT glow, and with the oscillator circuit 
in resonance, slowly rotate the plate tuning 
condenser of the amplifier stage. Perhaps the 
lamp will glow again, when held near the 
plate coil of the amplifier stage. If so, this 
is an indication that the amplifier is NOT 
completely neutralized. And this necessitates 
another adjustment of the NEUTRALIZING 
condenser, until a point is found where the 
lamp refuses to glow. But, again, look and 
see if the oscillator stage is still in resonance, 
because changes in the tuning of the ampli- 
fler stage often throw the oscillator out of 
oscillation. 


(4) The final check-up. The amplifier stage 
is tuned when and if: 

(a) The oscillator stage is in reso- 
nance, as indicated by a glow in the 
lamp, when held near the oscillator plate 
coil. 

(b) The neutralizing condenser has 
one “spot” where the glow lamp ceases 
to glow, when this “‘spot” is found. 

(c) The plate condenser of the ampli- 
fier stage, when rotated over its entire 
scale, shows NO illumination of the 
glow lamp. 

Consequently, any glow in the lamp, when 
held near the plate coil of the amplifier 
stage, and indicated when the plate condens- 
er of the amplifier is rotated over its en- 
tire scale, is an indication that the stage is 
NOT neutralized properly. A little practice 
and a bit of patience will make neutralizing 

















ZEPP ANTENNA 
FOR BEGINNER’S 
TRANSMITTER 
For 80 Meters: 
A—132 ft. 

B—45 to 66 ft. 


C—.00035 mfd. var. 
condenser. 
L3—Antenna_ Induct- 


ance 10 to 20 
turns on 1% or 2- 
inch dia. form. 


easy for anyone. But always remember 

the oscillator stage must be in resonance, else 
you will get a false indication in the ampli- 
fier stage. 

To make this explanation more simple, the 
amplifier is neutralized when NO GLOW is 
indicated by the lamp, when it is held near 
the amplifier stage plate coil, no matter in 

(Continued on Page 45) 
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RCA-Cunningham Announce the 1A6—a 2-Volt Pentagrid 
Conver Tube for Battery-Operated Super-Heterodynes 


HE 1A6 is a multi-electrode type of 
vacuum tube designed primarily to per- 
form simultaneously the function of a 
mixer tube and of an oscillator tube in su- 
perheterodyne circuits. Through its use, the 
independent control of each function is made 
possible within a single tube. The 1A6 is 
designed especially for use in battery-op- 
erated receivers. In such service, this tube 
replaces the two tubes required in conven- 
tional circuits and gives improved perform- 
ance. 

The action of this tube in converting a 
radio frequency to an intermediate frequency 
depends on independent control of the elec- 
tron stream (1) by three electrodes (includ- 
ing the filament) connected in an oscillator 
circuit and (2) by a fourth electrode (a 
grid) to which the radio input is applied. As 
a result of this arrangement, it is apparent 
that the simultaneous control by these two 
groups of electrodes will produce variations 
in the electron stream between cathode and 
plate. Since the electron stream is the only 
connecting link between these two control- 
factors, this converter system may be said to 
be “electron coupled.” 


Electron-Coupled Frequency- 
Converter Considerations 


N a superheterodyne receiver, the tubes 
[= circuits used to generate the local 

frequency and to mix it with the incoming 
radio signal to produce an intermediate fre- 
quency, may be called a frequency-conversion 
device. 

The usual methods employ a mixer (first 
detector) tube in which the radio signal and 
local frequency are applied to the same grid. 
The local frequency may be generated by a 
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RCA-IA6 C-IA6 
TYPICAL PENTAGRID CONVERTER CIRCUIT 
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O.1 pF. 

~}GANGED VARIABLE CONDENSERS 
C3=PADOING CONDENSER 

C4a=GRID CONDENSER OF 200 ¢. 

L; =OSCILLATOR GRID INDUCT £ 
Lo=OSCILLATOR PLATE INDUCTANCE }oourceo 
M =MUTUAL INDUCTANCE OF L; AND Lo 

R, = OSCILLATOR GRID LEAK 


Cc =0 
Cc; =) 
Coz 


NOTE - 
ANODE <GRD SUPPLY MAY BE OBTAINED FROM PLATE 
SUPPLY TAP THROUGH VOLTAGE- DROPPING RESISTOR 
¥ 20000 OHMS SHUNTED BY BY-PASS CONDENSER OF O.\juF. 
NOTE ~2 
VOL TAGE APPL ED TO ANODE -GRID (GRID N2& 2) SHOULD 
bt HIGHER THAN THAT ON SCREEN (GRID N2g 3 &Ne5). 











The license extended to the purchaser 
of tubes appears in the Ly cense Notice 
ecoompanying them, Information contain= 
e¢ herein is furnished without eseuming 
any obligations. 


























RCA RADIOTRON CUNNINGHAM 
RCA-1A6 C-1A6 
PENTAGRID CONVERTER TENTATIVE RATING AND CHARACTERISTICS 

Filament Voltage (D.C.) . . Volts 

Filament Currenc ......... a ae: Amperes 

Direct Interelectrode Capacitances (approx. wide 

Grid #4 to Plate . d 3 mninll uuf. 
Grid #4 to Grid #2 i uuf. 
Grid #4 to Grid #1 uuf. 
Grid #1 to Grid #2 Pe uuf. 
Grid #4 to all other electrodes’ (R- F Input) - icauiaahety uuf. 
Grid #2 to all other electrodes (Osc. Output) ~................. uuf. 
Grid #1 to all other electrodes (Osc. Input) uuf. 
Plate to all other electrodes (Mixer Output) uuf. 

Overall Length ............. 4- 9/32” to 4- 17°82” 

Maximum Diameter 1-9 /16” 

Bulb . ST-12 

Cap wen Small Metal 





ews (Refer to ‘Drawing ‘No. 92S-4275). 


Small 6-Pin 


CONVERTER SERVICE 





Plate Voltage ....... 
Screen Voltage (Grids #8 & + #5) . 
Anode-Grid (Grid = me 
Control-Grid (Grid 3 #4) . 

Total Cathode Current . 


Typical Operation: 
Filament Voltage 
Plate Voltage ........ 
Screen Voltage (Grids #3& #5). 
Anode-Grid (Grid #2) . 
Control-Grid (Grid 3 #4) . 


180 max. Volts 
REL OPE TE STAT €7.5 max. Volts 
135 max. Volts 
-3 min. Volts 
one 9 max. Milliamperes 





caaenteee crea, Se 2.0 Volts 

eel = 5 180 Volts 
5 67.5 Volts 
135 135 Volts 





iidiidaliiaiipeiiaiaiadiae. ae -3 Volts 





Oscillator- Grid cane #) Desleter a 
late Current 

Screen Current 

Anode-Grid Current 

Oscillator-Grid Current . 


Plate Resistance 
Conversion Conductance** ‘ 
Conversion Conductance at -22.5 volts on gr 


* With shield-can 





Total Cathode Current .. ‘ ee 


50000 50000 Ohms 
~ 1.38 Milliamperes 





Pa ea ee, 2.4 Milliamperes 
2.3 2.8 Milliamperes 
0.2 0.2 Milliamperes 
saa 6.2 6.2 Milliamperes 
0.4 0.5 Megohm 
Pee eae 275 300 Micromhos 
id #4 4 4 Micromhos 


** Conversion Conductance is defined as the ratio of the intermediate-frequency component of 
the mixer output current to the radio-frequency signal voltage applied to grid #4. 








separate tube or within the mixer tube. These 
methods generally depend on coupling the 
oscillator and mixer circuits by either capa- 
citive or inductive means. 

Another method of interest to circuit de- 
signers depends on electron coupling instead 
of reactive coupling. This arrangement of- 
fers advantages in eliminating undesired in- 
tercoupling effects between signal, oscillator, 
and mixer circuit and in reduction of local- 
frequency radiation. Furthermore, not only 
simpler circuits can be utilized, but also 
greater oscillator stability can be obtained 
because the oscillator operates under condi- 
tions of essentially no load. A simple elec- 
tron-coupled device may be imagined in 
which the space current of the mixer tube 
is modulated by variation in cathode emis- 
sion. Conceivably, the cathode current 
might be modulated by variation in cathode 
temperature produced by filament-current 
variation. Practically, however, this same 
effect can be accomplished by placing a grid 
and a supplementary anode-grid between the 
cathode and the control-grid and by using 
these electrodes in conjunction with the 
cathode to accomplish the modulation of the 
cathode current. 

With this latter arrangement, the cathode 
and the first two grids may be regarded the- 
oretically as a composite cathode which 
supplies a modulated electron-stream. This 
modulated cathode-stream may be further 
controlled and utilized by means of the 
addition of other grids and a plate. For 
example, a control-grid placed between the 
composite cathode and the plate will pro- 
vide for the introduction of the radio signal. 
Additional grids placed either side of the 
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RCA-IA6 C-1A6 
OPERATION CHARACTERISTICS 


E¢=2.0 VOLTS 0.C 

PLATE VOLTS = 180 

SCREEN (GRIDS N@3 & N25) VOLTS=67.5 

ANODE -GRID(GRIO N22) VOLTS =135 

OSCILLATOR GRID (GRID Ne!) RESISTOR—OHMS =$0000 
M/L RATIO, OSCILLATOR COIL =0.35 WHERE M IS 
MUTUAL INOUCTANCE BETWEEN OSCILLATOR PLA 
COIL AND GRID COIL,AND L IS INDUCTANCE OF 
OSCILLATOR GRID COIL 
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CONTROL GRID(GRID N24) VOLTS 
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control-grid will shield the control-grid 
electrostatically from the other electrodes, 
and increase the output impedance of the 
tube, a desirable characteristic from a gain 
standpoint. Of these two grids, the one 
(No. 3) nearest the cathode serves also to 
reduce local-frequency radiation. 

This design just considered is incorpo- 
rated in the 1A6 to make aavilable for 
battery-operated receivers a tube which com- 
bines efficiently in one bulb all the functions 
of a frequency converter. 


Installation 


HE BASE pins of the 1A6 require the 

use of a standard six-contact socket 

which should be installed to operate the 
tube in a vertical position. Base connections 
and external dimensions of the 1A6 are given 
in Characteristics Table. The No. 4 grid 
connection is made to the cap on top of 
the tube. 

The coated FILAMENT of the 1A6 may 
be operated conveniently from dry-cells, 
from a single lead storage-cell, or from an 
air-cell battery. For dry-cell operation, a 
filament rheostat may be used together with 
a permanently installed voltmeter to insure 
the proper filament voltage. For operation 
from a 2-volt lead storage-cell, the 1A6 re- 
quires no filament resistor. Operation with 
an air-cell battery requires a fixed resistor in 
the filament circuit. This resistor should 
have a value such that with a new air-cell 
battery, the voltage applied across the fila- 
ment terminals will not initially exceed 2.15 
volts. Series operation of the filament of the 
1A6 with those of other two-volt battery 
types is not recommended. 

Complete SHIELDING of the 1A6 is gen- 
erally necessary to prevent intercoupling be- 
tween its circuit and those of other stages. 


Application 


OR converting the radio-frequency in- 

put to an intermediate frequency, the 

1A6 is recommended for use in battery- 
operated superheterodyne receivers. 

The feature that independent control of 
mixer and oscillator functions is made pos- 
sible in a single tube with high gain is of 
practical advantage to the set designer. 

As a FREQUENCY CONVERTER in 
superheterodyne circuits, the 1A6 can supply 
the local oscillator frequency and at the same 
time mix it with the radio-input frequency 
to provide the desired intermediate fre- 
quency. For this service, design information 
is given under RATING and CHARACTER- 
ISTICS. It is important to note that the 
anode-grid voltage and the plate voltage 
must each be higher than the screen voltage. 

For the oscillator circuit, the coils may 
be constructed according to conventional de- 
sign, since the tube is not particularly crit- 
ical. The voltage applied to the anode-grid 
(No. 2) should not exceed the maximum 
value of 135 volts, but should always be 
higher than the screen (grids No. 3 and 5) 
voltage. The anode-grid voltage may be ob- 
tained from a suitable tap on the B-battery 
or from the plate-supply tap through a volt- 
age-dropping resistor of 20000 ohms shunted 
by a by-pass condenser of 0.1 uf. The size 
of the resistor in the grid circuit of the 
oscillator is not critical but requires design 
adjustment depending upon the values of the 
anode-grid voltage and of the screen voltage. 
Adjustment of the circuit should be such that 
the cathode current is approximately 6 mil- 
liamperes. UNDER NO CONDITION OF 
ADJUSTMENT SHOULD THE CATHODE 
CURRENT EXCEED A RECOMMENDED 
MAXIMUM VALUE OF 9 MILLIAMPERES. 


The bias voltage applied to grid No. 4 
can be varied over relatively wide limits to 
control the translation gain of the tube. For 
example, with 67.5 volts on the screen (No. 
3 and 5), the bias voltage may be varied 
from —3 to plate current cut-off (approxi- 
mately —25 volts). With lower screen volt- 
ages, the cut-off point is proportionally less. 
The extended cut-off feature of the 1A6 in 
combination with the similar characteristics 
of super-control tubes can be utilized ad- 
vantageously to adjust receiver sensitivity. 

Since the capacity between grid No. 4 and 
plate is in a parallel path with the capacity 
and inductance of the plate load, it is im- 
portant to use a load capacity of sufficient 
size to limit the magnitude of the r-f voltage 
built up across the load. If this is not done, 
r-f voltage feed-back will occur between plate 
and grid No. 4 to produce degenerative ef- 
fects. For this reason, the size of the load 
condenser in the plate circuit should be not 
less than 50 uuf. 

Converter circuits employing the 1A6 may 
easily be designed to have a translation gain 
of approximately 40. A typical circuit is 
shown on the drawing. This circuit provides 
exceptionally uniform oscillator output over 
entire grid-bias range. 





Socket Contacts 


(Bottom Side of Base) 
Pin No. 1—Grid No. 2 
Pin No. 2—Plate 
Pin No. 3—Filament (positive) 
Pin No. 4—Filament (negative) 
Pin No. 5—Grids No. 3 and No. 5 
Pin No. 6—Grid No. 1 
Cap—Grid No. 4 
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The A-B-C of Modulation 


OW OFTEN we have listened-in on 
H the phone bands and have heard some 
well-meaning amateur advising his 
fellow amateur: “I think your outfit sounds 
a bit mushy tonight; perhaps you're not 
modulating enough—maybe your bias is off 
the r.f. amplifiers, etc. (with a couple of 
Hi, Hi’s).”” However, very seldom does this 
advice actually hit at the root of modulation 
troubles, and the amateur labors on indefi- 
nitely, “groping in the dark,” for the actual 
solution of his difficulties. It is the purpose 
of this series of articles to explain the the- 
ory of modulation and to describe working 
combinations which can be adapted eco- 
nomically for use by amateurs. Modulation 
principles, and how these principles are 
used in practice, will be first discussed. 
Modulation, by definition, is the process 
by which electrical waves, impressed on the 
microphone by sound waves, vary the ampli- 
tude of the transmitted radio-frequency in 
accordance with the sound waves. If the 
modulating sound is of a single frequency, 
or pitch, the variations in the antenna cur- 
rent amplitude will be as shown in Fig. I. 
At A is shown how the amplitude of the 
radio-frequency current varies between twice 
the normal unmodulated carrier and zero. 
This is what takes place when the radio- 
frequency carrier wave is modulated 100 
per cent. At B is shown how the carrier 
varies when the modulation is less than 
100 per cent. At C the modulation is over 
100 per cent (very bad practice). It is well 





* Chief Engineer, Electronic Laboratories. 


<> 


By MAURICE J. FLYNN* 


to define what is meant by “percentage of 
modulation.” This is the ratio of half the 
difference between the maximum and mini- 
mum amplitudes of a modulated wave to the 


MOOULATED 





carrier or radio-frequency oscillator. Modu- 
lation of the oscillator, for this reason, is to 
be regarded as very poor practice, even if 
modulation percentage is low, frequency 


crane : “MPLITUOE — - | a wy oe \ = 
Th ZS CARRIER AMAL AY f BE CARRIER e- iy & CAKE 
Wh ddcae A Mi A ELT la P—ehod 
; ii | ‘= ! 
ie @ ay aoe 
/ 4 (00 nen ta , 
~ ee SS oe oe oe 
100 “%o MOOULATEL LESS THAN 100% MCCULATE MOK 


average amplitude expressed in percentage. 
Or: 
jmax. —  ;min. 
2 X i car. 
where imax. is the maximum amplitude of a 
modulated wave 
imin. js the minimum amplitude of a 
modulated wave 
and icar. is the average unmodulated car- 
rier amplitude. 

It is desirable to have the percentage of 
modulation as high as possible without ex- 
ceeding 100 per cent modulation and con- 
sequently running into distortion caused by 
unsymmetrical modulation, such as shown in 
Fig. 1-c. The average amplitude in this case 
is different than the unmodulated carrier, and 
causes “frequency wobbulation,” or “‘shift- 
ing,” and even if the modulating sound is of 
a single pitch, both distortion and a broad 
signal will result. Of course, there are many 
other causes of ‘frequency wobbulation” 
with its broad signal, such as an unstable 


100 = Pct. of Modulation 





modulation usually results. To be on the 
safe side, the oscillator and the modulated 
radio-frequency amplifier should be sepa- 
rated by at least two well-regulated, well- 
filtered, and correctly neutralized buffer 
amplifiers to completely stabilize and isolate 
the oscillator from any tendency to shift its 
frequency when the modulated amplifier is 
heavily modulated. An extremely stable un- 
modulated carrier is a prerequisite for a 
high quality phone transmitter. 


Methods of Modulation 


ANY systems have been devised to 
modulate the radio-frequency car- 
rier. Some vary the radio-frequency 


current directly, and others vary the direct 
current input to the radio frequency ampli- 
fier tubes. The former is very ineffective and 
causes all kinds of trouble, such as frequency 
shift, ‘“‘wobbulation,’ broad signal, very 
poor quality and excessive interference. The 
(Continued on Page 24) 
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A Good, .Easily-Constructed Air-Gap Crystal Holder 


Complete Constructional Details of An Adjustable High-Quality Crystal-Holder Which Can 


O UTILIZE the piezo-electric properties 

of quartz plates, it is necessary to use 

some kind of a holder. Connections 
must be provided for conducting the charges 
surfaces of the quartz into the asso- 
ciated circuits. The holders which are used 
for this purpose consist of two metal plates, 
and suitable leads for contacting them. 

Practical crystal holders are of three gen- 
eral types. These are the so-called “pressure” 
air-gap holder type, and the clamp 
type, which holds the crystal firmly. 

The pressure type is perhaps the first of 
lave come into general use. It con- 
of two metal plates mounted on an 
The crystal rests on the lower 
the top-plate rests on the crystal; 
s held against the crystal by a 

ble spring and connections are made to 

the two plates. During operation, the crystal 
s not contact either plate, but raises itself 

ve the lower plate, and maintains the up- 
plate a small distance above it. The pres- 
type holder is really an air-gap holder. 

Che r-gap type holder consists of a flat 


type, the 


ese 


S ed Dase 


piale ne 


plate which serves as a lower electrode 

to that in the pressure holder 

bed above. The upper metal plate, 

ve s self-supporting and adjustable, in 

t lesired space can be maintained be- 
upper surface of the crystal and 

rface of the top plate. Adjust 

irying the width of the 

ur-gap varies the fre- 

g rated. The variation in frequency 

hod is comparatively great. The 

variat frequency by adjustment of the 
crystal holders can be 
' compensating effect. 
For examp ncreasing temperature in such 


€ mad to 


aac 


sts in Vv 


th 


gap. Adjusting the 


increase Of decrease 
designs, the fre- 
to within ten parts 


good 


] 


nN nrain 
aintainea 


< i Lat ind for 


type holder grips the crystal 
he usual electrodes, or sepa- 
used. If these “clamps” 
they must be ma- 
over a greater part of their surfaces 
so that a few thousandths of an inch air-gap 
ains between the electrodes and the crys- 
The clamp type holder is perhaps the 
for it assists in Maintaining frequency. 
Iders used in precision frequency 
n work are of the clamp type. In 
these, the crystal is held firmly in a fixed 
position berween the electrodes. 


firmiy between the 
des, if 


electrodes, 





The holder to be described is of the air- 
gap type, but a method for using it as a 


clamp type holder will also be shown. This 
design is not elaborate, requires no compli- 
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BAKELITE BASE 


By PAUL R. FENNER 


cated machine work, is not particular as to 
dimensions, but yet allows precision adjust- 
ment. 


The following material is required: 


‘ 
a SPR OL ee 


SIDE VIEW 
(ASSEMBLED) 
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1 Base (Bakelite or other insulation 


x 1%" x 2% 
1 Brass bottom plate "x1" x% 
1 Brass top plate " « 1%" = 196” 
3 Round-head brass screws, 1%” long (6-32) 
2 Flat-head brass screws, ')," long (6-32) 
3 Brass springs, small. 
2 Plugs (Banks Inter-Air) 
2 Pes. Bakelite 4%” thick, 4” x 1%” 
4 Wire brads or nails, small 











52 breast- 
fle) are the tools 


base and drill the 


4a tap, hack saw, 
drill (or hand drill and 
ded. Start with the 
holes as shown in the drawing. 
tap the brass bottom-plate; mount it on 
the base. Use quarter-inch flat-head screws 
trom 
This 
possible so. that 
the surface of the brass will not be scratched. 
Make the upper plate next. Drill the three 
holes in it and remove the burrs made while 
drilling with either a larger drill or a coun- 
tersink tool 

The two brass plates should be rubbed on 
a piece of plate glass on which there is a 
small quantity of FFF Carborundum and 
water. This is called “lapping.” Continue 
rubbing the plates with a circular motion, 
and turning them at the same time, until 
there is a frosted appearance over the en- 
tire surface of the plate. If the brass is 
smooth, flat, and devoid of scratches, one 
soon has two flat plates, accurate to a half 
thousandth of an inch or better. If a plate 
cleans well over its entire surface it will be 
satisfactory. Small scratches too deep to 


this purpose. These will protrude 
the bottom-plate so must be filed off 


is done as carefully as 


/ 


NAS, 


"BRASS TOP PLATE BO) 








Be Constructed at Minimum Cost 


grind out, however, need not be bothered 
with. Care in drilling and filing will prevent 
such scratches. 

The two plugs are now mounted. These 


SND OF SPRING 
SOLDERED 


LUG 


Lo ata @ wor 


' 
j 
U 
' 
N 


~CONNE 
LOWE & 
PLAN VIEW 
BEY 41-1449) 


are spaced so as to plug into a tube-socket. 
They may be dispensed with and two con 
necting wires used instead. Solder two of 
the small brass springs to the upper plate 
and solder the third one to the lug at the 
plug, as shown on the drawing. A short con 
from the flat-head 
(under the base) to the other plug 
terminal. 


nector is also soldered 


screw 


The last operation is to cut out two small 


bakelite pieces for holding the crystal 
place. If the clamp type holder is desired, 
these pieces are not needed. The bakelite 


If a very thin 
crystal is to be used, they must be filed dow 
lower 


pieces are riveted to the base. 


surface of the cryst 
when it is laid on the lower plate. This will 
permit freedom of movement so that tl 
upper plate can be adjusted against the cry 
tal without first resting on the bakelite guides 
When mounting a crystal, lay it on th 
bottom plate between the guides, place the 
upper plate over it, and gently press the 
upper plate down until it just touches the 


than the upper 


crystal. Then insert the three screws and 
tighten them. Plug the holder into the oscil 
lator circuit and unscrew each of the three 


screws an equal amount, perhaps a fraction 
of a turn. When the crystal oscillates, adjust 
each screw separately and carefully, for maxi 
mum output. It is wise to add a word of 
caution. Be sure that the plates of the holde: 
and the crystal are clean before assembling 
After cleaning, blow gently on both helder 
plates and both sides of a crystal to remove 
any particles of dust or lint. 

If you desire to use this holder as a clamp 
no alterations are needed. The crystal itself 

(Continued on Page 45) 
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Design of Practical Crystal-Controlled Transmitters 
Part II-Effect of Circuit Constants On the Frequency of Crystal Oscillators 


Crystal-Controlled Transmitters Have Advantages Not Found In Other Arrange- 
ments. Certain Factors Must Be Carefully Considered To Obtain Maximum Efficiency 
From Oscillators Employing Quartz Plates. A Practical Quartz-Crystal Transmitter, 
and All Circuit Constants Are Herein Presented. Written By a Well-Known Expert 
Who Understands Thoroughly the Crystal As Well As the Oscillator In Which I+ 
Must Operate. Another Article By the Same Author Will Appear In the Next Issue. 


By A. F. HOEFLICH 


HE fact that the apparent frequency of 

a crystal sometimes changes when it is 

moved from one oscillator to another 
‘s of extreme importance in the adjustment 
of high precision frequency control appa- 
ratus. ; 

The most fundamental factor affecting the 
frequency of the crystal oscillator 1s the 
so-called pulling effect of the plate circuit. 
This is the change in the frequency of the 
oscillator which occurs with the tuning of 
the plate tank condenser. The circuit in Fig. 
| shows the quartz plate connected from grid 
to filament and is the usual type of circuit 
used for high-frequency work. The equiva- 
lent network for the circuit is shown below. 
Ir is evident that the quartz plate becomes a 
part of the circuit into which it is coupled 
and might therefore be influenced in regard 
to its fundamental frequency. This actually 
happens as the circuit 1s found to oscillate 
at a freauencv slightly off the frequency of 
the quartz plate fundamental. The exact fre- 
quency resulting is influenced by the degree 
of coupling of the plate to the circuit and 
by the values of the constants of the entire 
circuit. 

A tuning curve for an 80-meter crystal os- 
cillator is shown in Fig. 2. It can be seen 
that a possible variation in the frequency of 
the oscillator of about .01 per cent can be 
obtained by turning the plate tank condenser. 
(This is a smooth variation of frequency 
with tuning and should not be confused with 
frequency jumping caused by an improperly 
ground crystal plate.) Notice also from the 
curve that the variation in the frequency for 
a given change of the plate capacitance is 
greater as the frequency of the plate tank 
circuit is made to approach the point at 
which the oscillator circuit jumps out of the 
oscillating condition. 

It is evident from the above that the point 
f operation on the tuning curve should be 
specified if accurate calibration of the crystal 
is to be duplicated. 

Related to the pulling effect of the plate 
circuit are variations caused by tube capacity 
changes. From the equivalent network dia- 
gram it is evident that the grid-filament, 
grid-plate, and filament-plate capacities are 
wholly or partly across the plate tank. Thus 
changes in their values might be expected 
to cause a change in the pulling effect of 
the tank circuit. Also a change in the G-P 
Capacitance varies the amount of feed-back 
‘rf excitation with a further effect on the 
frequency. Actually an increase in the grid- 
plate capacity such as might be caused by 
substitution of a new tube is found to cause 
a lowering of the circuit frequency. Simi- 
larly, an increase in the grid-filament capacity 
causes a very slight change in the circuit 
frequency. 

The correct filament and plate voltages 
should be used if high accuracy is to be 


-_™ 


maintained when setting-up the crystal os- 
cillator. Likewise, the value of the grid- 
leak resistance used in the original calibra- 
tion oscillator should be adhered to. It is 
evident that a change in the plate resist- 


Cgp 


al 
+> 
ee 








4 









att 
Q 
yy 
* 


Cp 


De ae ee ad be 











no 
me 
. 
N 
nN 
= 
™“ 


WoLoeR 
SHUNT* Ce 
caraciry | A&9 


XTAL EQ. C/R. 
Bs 








ance can be caused by either a change 
in the plate voltage, a change in the fila- 
ment current, or a change in the grid bias. 
This can be proven by referring to the 
characteristic curves for the tube used as the 





FIG.2 





cussion of the voltage effects is that an in- 
crease in voltage of the supply lowcrs the 
circuit frequency and vice-versa. 

Changing the value of the grid-jeak re- 
sistance is found to cause a slight but imeas- 
urable effect on the frequency of the oscil- 
lator. When the grid-leak resistance is low- 
ered the mean value of the plate current is 
lowered and this is equivalent to a slight 
decrease in the resistance of the tube. A 
decrease in the circuit frequency is the result, 

Changing the pressure of the mounting 
electrodes has been found to cause a notice. 
able frequency change. An increase in pres- 
sure generally raises the frequency. Similarly, 
changes in the position of the crystal in the 
holder is found to cause small variations in 
frequency. A variable air-gap holder is found 
useful when the frequency of the crystal 
oscillator is to be varied over comparatively 
large ranges. Increase in the ait gap separa- 
tion between crystal and top mounting elec 
trode causes an increase in the frequency of 
the circuit. 





Crystal Plate Specifications 
Cut ; 
Frequency 

Tube 

Plate Voltage 

Filament Voltage 

Holder... 

Grid-Leak R 

Operating Point... 

On Tuning Curve 

Percentage Frequency Tolerance 
Operating Temp. 
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Fig. 3 


The effect of temperature is considerable 
and will be the subject of a future article. 

From the foregoing it can be seen that 
the calibration curve given with a crystal 
plate should include a specification of the 














TANK CAPACITY 


This curve shows how a possible variation in the frequency of the 
oscillator can be obtained by turning the plate tank condenser. 


oscillator. A reduction in the tube resistance 
lowers the frequency of the circuit while an 
increase in the tube resistance naturally has 
the reverse effect. Thus an increase in fla- 
ment emission caused by raising the filament 
voltage will reduce the plate resistance and 
lower the frequency of the circuit. 

The general conclusion to the above dis- 


INCREASE ——>> 3500 /.0/00 


LLATOR 


CRYSTAL 


tube used, the values of the volt: 
during calibration and complete data on the 
holder used. The grid-leak resistance should 
be specified and the point of operation on 
the tuning curve should also be included. 
A form such as that in Fig. 3 would suffice. 

In Fig. 4 is given a table that shows the 
percentage effect, on the frequency of a good 
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crystal oscillator circuit, of variation in the 


Hal- 


circuit constants. This is due to L. B. 
lam, Jr., of Station WSFA. ° 


Conclusion 


F a summation from the table of all the 
possible circuit constant variations is made 
it is seen that a possible frequency change 
of about one-tenth of 1 per cent, or 3.5 K.C. 
at 3500 K.C. is possible when changing the 
crystal plate from one oscillator to another. 


Actually this is extreme and many of the 
effects cancel so that the actual change is 
only a fraction of that value. However, if 


the same tube is used in both oscillators (the 
calibration oscillator and the oscillator used 
in the transmitter) and the specified plate 
voltage, filament voltage and type of mount 
ing are adhered to, together with operation 
at the specified portion of the tuning Curve, 
than one-half of one 


an accuracy of bette: 


Resulting “Cycles 


re Varia- Fre- Change 
Variable tion quency at 3500 
| Change K.C, 
| Plate 
| Tuning 50% OL% 350 
| Cond, 
} Mate 
|, Plate 50% 01% 350 
| Voltage 
Grid 
| Leak 700% 004 140 
Res. 
Grid- 
Plate 20 mmf, 013 150 
| Cap. 
+4 ToS 
Grid Fil. | To: top 006 210 
Cap. Oscil. 
Air Gap | .5 mm. 075 3 K.C, 


Fig. 4 


tenth of 1 per cent may be attained, with 
reference to the calibration frequency with 
out actually adjusting the frequency of the 
set-up. 

With regard to frequency stability, it a 
pears that plate and filament voltages should 
be reasonably constant to suppress possible 
trequency modulation. The grid and screen 
resistors, if used should be of sufficient 
power rating to dissipate the power with. 
out heating as the resistance should nor 
change during operation, 

The oscillator tube should not overheat 
as possible expansion of the elements may 
occur with the resultant change in inter. 
element capacities. 

As mentioned in a previous article, opera. 
tion at the bend or above on the tuning 
curve will reduce the effects of changes in 
circuit constants but observance of the above 
precautions will still further improve the 
stability of any crystal circuit so operated. 
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Pacitic Division 

The 14th Annual Pacific Division ama- 
teur convention will be held in San Jose, 
California, September 2nd, 3rd and 4th. On 
the opening day the program includes regis- 
tration, examinations for amateur license, 
official welcome of delegates, sending and 
receiving contests and a talk by Earl R. 
Meissner on The Ribbon Microphone. At 
7:30 p.m. there will be a smoker. And what 
a smoker! 

On Sunday, September 3rd, registration 
will continue from 9:00 a.m. until noon. 
At 8:30 a.m. there will be breakfast for the 
R.M.S. and O.R.S. At 10:00 a.m. a talk by 
Dr. Terman, followed by an ultra-short-wave 
demonstration by Frank C, Jones. The after- 
noon will be reserved for open forum, and 
bridge contests will entertain the ladies. In 
the evening there will be a talk by Ralph 


Heintz, followed by technical motion pic- 
tures. Transmitting tubes will be analyzed 
by D. B. McGown. A lecture on Cathode 


Ray Television may also be given. There 
will also be a special meeting of the phone 
men and a number of last-minute surprise 
features will greet the visitors. 

On Monday, September 4th, there will be 
a Naval Reserve Meeting at 9:00 a.m. From 
10 till noon there will be talks on Electron- 
Coupled Oscillators, 5-Meter Developments, 
er subjects to be announced at a later 
At 1:00 p.m. the visitors will be taken 


to the naval air base, to the Ryan high 
voltage laboratory and to the new KPO 
super-power station. A large banquet and 
' 
’ 


the awarding of prizes will begin at 7:00 
p.m. Mr. Ralph Heintz has announced a $25 
prize award for the construction of the best 


} aw 


;-meter transmiter and receiver. ‘Phone 
é pment will be given preference. 

The general chairman of the convention 
is E. R. Booker, W6YAF, Dean of the 
Wilmerding School of Industrial Arts. The 
vice-chairman is Harry Engwicht. Traffic 

tings will be in charge of F. J. Que- 


ment, who will also supervise the trips to 
the naval air base and to the Ryan labora- 
tories. Sylvia Apra will be in charge of 
YL, OW, YF reception and Mrs. E. J. 
Amarantes will be general ladies’ chairman. 

Technical talks and ticket sales will be 
supervised by Harry Engwicht; registration 
and bus trips by Jack Anderson; program 
and reception by Willis Clayton and Doc 
Breen; code contest by E. J. Amarantes; for- 
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Convention Opens September 3rd 





Top Center: E. R. Booker, 
General Chairman. Center, 
Left: Harry Engwicht, Vice- 
Chairman. Center, Right: 

F. J. Quement, Traffic. 
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Here we have E. J. Amarantes and the 
Missus Amarantes. Both are actively en- 
gaged in making the convention a success. 
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PACIFIC DIVISION CONVENTION EXECUTIVES 






500 Western Amateurs are 
expected to attend the Coast's 
big affair. 


Mrs. Amarantes is general chairman, ladies’ 
committee. Sylvia Apra is in charge of 
YL activities. 








um and banquet by S. G. Culver: technical 
matters by Terry Hansen. George Call has 
been assigned the task of housing, feeding 
and entertaining the visitors. 

Reservations have been made for 500 ama- 
teurs, Tickets are now available at $3 each. 


Included with the ticket is the banquet, trips 
to the various places of interest and other 
affairs, Reasunable hotel rates at the St. 
Claire will prevail. Rooms for six people, 
with three double beds, can be had for as 
little as $1 per person. 
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Vacuum-Tube Voltmeter Design 


Theory and Construction of Some Practical Voltmeters 


N radio work, there is a need for measur- 

ing small alternating voltages of high 

frequency. The usual type mt lar 
netic voltmeter is not suitable because it re- 
quires comparatively large current for op- 
eration, and its calibration is greatly affected 
by frequency. The electrostatic voltmeter has 
neither defect, but has others; its sensitivity 
is low and adjustment difficult. The versatile 
vacuum-tube is applicable to A.C. measure- 
ments. Although the range of a tube volt- 
meter is low, covering from perhaps a tenth 
to 10 volts, the sensitivity is favorable, 
Changes of about .01 to .05 volt, at the high 
values, are detectable in the usual type. 

Various vacuum-tube voltmeters are pos- 
sible. One type uses an adjustable grid-bias 
voltage which is made to balance out the 
plate current caused by an A.C, potential on 
the grid; it measures peak voltages. Other 
types employ detector action. The vacuum- 
tube voltmeter of Fig. 1 uses grid-bias (or 
plate circuit’) detection. 

For communication measurements, the use 
fulness of a tube voltmeter is determined 
by: 


1. Variation of calibration with frequency. 
2. Input impedance. 

3. Variation of calibration with wave form. 
4. Sensitivity. 

5. Range. 


6. Stability of calibration 

















By A. R. HAIDELL 


“low,” the circuit is that of Fig, 3. A tele- 
phone key can be used for a switch. A key 
is also used to disconnect the volumeter from 
the A.C.; this key short-circuits the termi- 
nals, when the A.C. is disconnected, to pre- 
vent the rise in plate current accompanying 
the free grid. The entire assembly of tube 
resistances and keys can be mounted in a 
case, terminals being provided for battery 
and microammeter. A Rawson type 501 mic- 
roamineter having 3 ranges (0-20, 0-200, 
0-2000 microamperes) can be used although 
any gilvanometer with scale giving readable 
deflections on a few microOamperes 1S Satis- 
factory. There is dithculty in maintaining the 
false zero in sensitive instruments; slight 
fluctuations in battery voltage or shocks ap- 
plied to the tube can be observed on a 0-20 


microampere range The resistances need 
not be non inductive The tube socket should 
be of the shock-absorbing type. For the less 


complicated instrument described in a later 
paragraph, an ordinary 0/1 milliammeter can 
be used. 

When A.C, is applied to the grid, a mean 
increase in plate current results, which di 
vides between the two filament terminals, 

The calibration is not independent of 
meter resistance. The lowest range of a 
Rawson meter has about 1000 ohms which ts 
not negligible compared with 50,000 ohms. 
The meters of various 


variation between 


use. The waveform should be approximately 
sine-wave 

Under load, the wave-form of the output 
current from the usual oscillators departs 
considerably from sinewave. Errors in meas 
urement due to wave-form may result if tube 
voltmeters are used, unless precautions are 





taken to eliminate them. Differences in wave 
length are exaggerated but not, for commercial 


Wal 


e-forms objyectionally sO 


Calibration does not vary appreciably with 


frequency at audio frequencies; for wide 
ranges, variation of calibration can be cor 
rected by means of a condenser. The use of 


a condense connected between pl ite and fila 
ment prevents the curves from talling off at 


higher frequencies due to the inductance in 
the plate circuit. The condenser is connected 
as may be seen in the diagrams. The calibra 
tion curves for no condenser ('C-O ) are 
used below 1000 cycles. 

The stability of calibration over the entire 
life of a tube is questionable. In general 
for accurate work, the calibration will re 


main constant for periods of operation of 
about 40 ht 

The in, ut capacity of a ‘99 tube voltmeter 
as in Fig. 1, 40 mmftd.; input 
ductance .004 the latter in- 
creases rapidly as the grid approaches posi 
tive potential. The impedance is 5 megohms 
at 1000 cycles, is usually high, and the power 


factor 


is about con 


mic romhos. ; 


is low 
To measure voltage 































across a 
. —_ 
TYPE ‘99 condenser, a conductive path 
“ u must exist (such as between the 
u“ “ 4 LOW 
H/GH condenser plates) since the me 
INPUT ter has no gridleak 
en * : 
ele g 15 ONMe There is a wide field of use 
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The voltmeter circuit of Fig. 1 will be dis- 
cussed first. To obtain a wide voltage range, 
without flow of grid current, two sets of 
plate and grid-bias voltages are provided for. 
These voltages are supplied by resistance 
drops in the filament circuit, The use of a 
‘99 type tube (60 milliamperes filament cur- 
rent) allows all power to be taken from 45- 
volt B batteries, if desired. Two large-sized 
units in parallel are best. One set of resist- 
ances gives the low voltage range, the other 
the high range. For the high range, the grid 
is biased beyond the point at which plate 
current disappears. For fixed battery voltage, 
there exists an optimum proportion of volt- 
ages to give best sensitivity and maximum 
range. 

There is a considerable difference between 
the normal plate currents for different tubes. 
In some tubes, as much as 2 microamperes 
flows at high grid bias, whereas other tubes 
show no current, 

One tube voltmeter arrangement is shown 
in Fig. 1. When the switch is on the “high” 
side, the circuit is that of Fig. 2; when on 
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1: Complete diagram of connections for 
Vacuum Tube Voltmeter. 
When the change-over switch in Fig. 1 is on the 
“high” side, the connections are as given above. 


two-range 


. ':—When the change-over switch in Fig. 1 is on the 


“low” side, the connections are as given above. 


manufacture but of similar range causes not 
over 1% error. Changes in filament rheostat 
settings (to compensate for falling battery 
voltage) also theoretically change the actual 
mean increase, due to plate circuit resistance 
changes. Varying the 30-ohm rheostat causes 
only a slight change in the voltage applied 
to the circuit. 

A tube voltmeter can be calibrated at high 
frequencies as shown by Fig. 4. Calibration 


at low frequencies 1s described later Typ! 
cal calibration curves for 1000 cycles are 
shown in Fig. 5 and Fig. 6. A flow of grid 
current reduces the input impedance and 
biases the grid differently when flowing 
through different resistances. This can be 


shown by using no grid bias. The flow of 
grid current limits the range. The calibration 
curves show where grid current starts (hori- 
zontal arrows from vertical dotted lines). 
To calibrate (see Fig. 4), the current 
should be kept constant at about milliam 
peres and the load at 5000 ohms, non-induc 
tive. The thermocouple is calibrated before 
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oscillator terminals. 
Measurements@re frequently desired of in 
ductance or alternating voltage in 
coils, transformers, while carrying a 
polarizing or magnetizing current. A grid 
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FIG. 4: Calibration circuit for Vacuum Tube 
Voltmeter. 
stopping-condenser type of vol ter [ 

used; this type of voltmeter, however 
large wavetorm error, restricted igre 
some frequency error. It is more Sitive 
though, due to the accumulative effect of tl 
condenser charge 
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A Practical VacuumTube 
Voltmeter for Ordinary Work 


by pass Cor lense S are used and me na 
re of the work is such that extreme a 
curacy is not necessary, a voltmeter calt 
brated ( cycles can also be used at radio 
trequenc All necessary values tor a sim 
ple tube voltmeter are shown in Fig Che 
tlib on curve tor several widely dittering 
trequenci (with by-pass condensers, as in 
Fig ) is shown in Fig. 8 


A 0/1 milliammeter (1000 microamperes) 
can be used for the indicator 
A zero reading of 10 microamperes is used 








RCA RADIOTRON 
RCA-6F7 


THE RCA Radiotron Company, Inc., and E. 
equipment manufacturers a Triode-Pentode 
ningham C-6F7. 
Combining in one buib a triode and an r-f 
used in circuits in several ways, since the two 


Heater Voltage 
Heater Current 


1) ct Interelectrode Capacitances 


Oy ’ Lenet} 


Maximum Diameter 





l'ransconductance 


uld be at least 3 volts gre 


rom 250-volt source thr 





ans of 1700-ohm self-bias 


NOT Pir Pentode Screen 





shield can) 0.008 max uuf 


== Usually obtained by means of a grid-leak resistor 
nee 
T 1 i 


Obtained by 100000-ohm grid-leak resistor 


CUNNINGHAM 
C-6F7 


TRIODE-PENTODE 
TENTATIVE RATING and CHARACTERISTICS 


T. Cunningham, Inc., have recently announced to 
tube designated as Radiotron RCA-6F7 and Cun- 


pentode of the remote cutoff type, the 6F7 may be 
units are independent of each other except for the 


common cathode sleeve. For instance, in superheterodyne receivers, the triode unit may serve 
as oscillator while the pentode unit functions as mixer tube (first detector). 


GENERAL 


6.3 Volts 
0.3 Ampere 


0 uut 
, uut 
uuf 


uul 
12 uuf 
1-0 /82-in. to 4-1 s2-1n 
1-0/16-in 
ST-12 
Small Metal 
Small 7-Pin 


CHARACTERISTICS 


Pentode Unit 
50 max Volts 
100 max Volts 
ymin Volts 
* ou 


Triode Unit 


100 max 


Li SOU 800000 Ohms 
Micromhos 
10 Micromhos 
Milliamperes 
1.5 Milliamperes 


CONVERTER SERVICE 


Triode Unit Pentode Unit 
100 max. 50 max Volts 
—- 100 max. Volts 
boo } min.** Volts 
i max Milliamperes 
106 50 Volts 
100 Volts 
Volts 
7 Volts 
0 Milliamperes 
S Milliamperes 
0.6 Milliamperes 
2.0 Merohms 
Micromhos 


tt 


iter than the peak oscillator voltage applied to the 


ough 60000-ohm dropping resistor 
ing (cathode) resistor 

returned directly to cathode. 

in 5—Cathode 

n 6—Triode Grid 
in 7—Triode Plate 
‘ay Pentode Grid 


Pin numbers are according to RMA Standards Sheet 801-A (MS8-116). 





vo.iTS 


for all work, a slight change in plate or grid 
voltages being made to secure this valu 
when necessary. Without by-pass condenser 

different curves are obtained for widely sep 
arated trequencies. 

By reproducing the instrument of Fig. 
the same calibration will hold at 1,000.00 
cycles. For ordinary work the instrument ca 
be calibrated at 60 cycles. A potentiomet 
step-down transformer and low reading A.( 
meter are used tor the 60-cycle calibratior 
More complicated apparatus is necessary fo: 
high-trequency calibration where exception; 
accuracy 1s required; 


circuit and principle 
have been described. 
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FIG. 7: ‘99 Type Vacwum Tube and Socket. 
25-Ohm Rheostat. 
200-Ohm Potentiometer. 
0-100 Microammeter. 
0-100 Milliammeter. 
Cl—1 mfd. by-pass condenser. 
C2—2-4 mfd. by-pass condensers. 
R' p—10,000-Ohm Registor. 
“C("—4.5 Volts, 
“B”’—22.5 Volts. 
“A”—4 or 4.5 Volts. 
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FIG. 8: 


Low range calibration of meter with by- 
pass condensers. 
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NEW IDEA 
IN TUBES 


THE Catkin tube, a new Osram and Mar- 
coni product, is primarily distinguished 
from other tubes by reason of the fact that 
metal has largely replaced glass in con- 
struction. The anode of copper forms the 
external envelope and the general construc- 
tion of the tube is such that it is practically 
unbreakable. In addition, the dimensions 
are so small that the Catkin tube boxed oc- 
cupies one-sixth of the space ordinarily taken 
by an orthodox tube in its box. The tubes 
re made as equivalents of existing types, 
so that Catkins can be used as replacements 
for present tubes. Uniformity of character- 
istics is claimed to be one of the outstanding 
advantages of the new form of construction. 
The illustrations show the tube in section 
and as it appears in its finished state. De- 
tails of the points of special interest in con- 
struction are indicated in the lettering of 
the diagram.—“Wireless Engineer.” 
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SHORT-WAVE STATION CHANGES 
NEW SCHEDULES .. . INTERESTING COMMENT 
By NYDXL . . . Short-Wave Station Editor 


N this, our initial undertaking, the first task 1s 
to make additions to the list of short-wave broad- 
ting stations appearing in the July issue; this 

il be done with the aid of ‘dope’ received from 
various stations, as well as from the International 
ort-Wave Club, which has active members in 
ne 90 countries of the world. It is a most diffi 

It problem to keep a S.W. list up to date, adding 
stations, keeping the list free from obsolete 


tations, and checking up for changes in wave 
lenvths and schedules, since, for the most part 
W tations are very irregular in operation An 


wecurate list tends to discourage the listener, who 

Is to find a station on the air, according to if 

ting. 

One of the outstanding additions would be th 

PHI, of Huizen, Netherlands, which has returt 
ed to the air, on 16.88 m., after an absence of two 
irs, and is heard daily except Tuesday and Wed 
day, from 8-10 a.m. The input to the final 
re is in the neighborhood of 180 KW, thus ma! 

PHI the most powerful S.W. broadcaster in 
eration. 
lhe loudest fone at present (along with GSB and 
GSF) is the new German, DJD on 25.51 m It is 

eard best between 3 and 6:30 p.m. daily When 
definite programs are not being transmitted, very 
often a group of eight notes on the piano are re- 
peated over and over, as an interval signal. 

Another new and quite consistent station i 
HCJB of Quito, Ecuador, who has 250 watts on 
approximately 73 m. He is heard from 7:30 to 
9:30 almost daily ; most of the South Americans are 

ot heard with anything like the volume they were 
during the winter season, but HCJB is heard even 
tronger! This station is, at times, R7, in the 
northeastern U. S. A., which is very good, the 
vavelength and power considered. 

One of the more recent comers is XETE of Mexico 
City, operating on 31.25 m., daily from 6 to I1 
p.m. This is the same wave on which one will 
find CTIAA, from 5-7 p.m., on Tuesday and Friday 
lhis station employs 2 KW, and its owner is famous 
for his achievements as an amateur operator. Get- 
ting back to XETE -they are owned by the Ericcson 
lelephone Co. of Mexico, whose address is Box 
1396, Mexico City; the station is licensed to oper- 
ate also on 48.94 m., but they do not appear to have 
rone on that wave as yet. The engineer in charge, 
Sr. R. S. Bravo, is the operator of XIQ, whose 
fone has been heard so well, of late, on 7040 KC 


This transmitted, with 250 watts power, has dx’ed 


» continents! 
\bout two months ago, a new station, YV3BC, 
of Caracas, Venezuela, was heard daily between 
and 7 p.m. with fine volume and quality. This 
tation was silent for some time, while it was be- 
ing moved to a new QRA, but has now returned to 
the air, and is heard very well, though irregularly, 
from 7-10 p.m., on either 31.56 or 48.90 m., with 
\) watts. Reports should be sent to “Radiodifusora 
Venezuela’, Hermann Degwit, Engineer. This 
tation must not be confused with YVIBC, ‘Broad- 
casting Caracas’, whose signals are heard daily 
n 49.10 m. or thereabouts, between 5 and 10 p.m 
Within the past month, on several occasions a 
new one, located in Bogota, Colombia, has been 
ined in on 49.65 m. between 8 and 9:30 p.m. It 
believed to be HJISABE. 
HKE, of the Observatorio Nacional, Bogota, may 
be familiar to many hams working in the 40 m. 
ind. This station sends out talks from 6:15 to 
00 p.m. on Monday, and musical programs from 
.-9 p.m. on Tuesday and Friday. The wave-length 
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How many of last months questions did 
you answer correctly? Here are the answers: 

(1) Army station operators using a ‘Fes 
enden Double Roller Tuner’ turned a hand 
crank when tuning-in stations because the 
handle was attached to “tuning coils,” con- 
isting of two cylinders, one of metal, the 
other of fibre. In turning the hand-crank, the 
sare wire, with which the tuning coil was 
wound (in a running-thread groove), was 
shifted to the metal cylinder from the insu- 
ated cylinder. As the bare wire was unwound 
from the insulated cylinder, and onto the metal 
cylinder, the inductance of the tuning coil 
was lowered and a consequent change in 
wave-length was the result. This crude tun- 


used is approximately 41.7 m., and the power close 
to 150 watts. A special frequency check on HK! 
would be appreciated 

rhe tinal addition would be that of GSE, Daven 
try, England, on 25.28 m., which is heard irregu- 
larly, transmitting to the zones to tl Kast of 
England More will be said of the Empire station 


at a future date; meanwhile, the B. B. ¢ ould 
appreciate reports on their programs hich are 
beamed westward from 4 to 6:30 a.m on GSI 
19.85 m., or GSG, 16.88 m., to the Australasian Zon 
his is an experiment and the B. B.C. are anxiou 
to know how this wave is heard on the West Coast 

VILE, on 15.98 is not a revular broadcaster, thoug 
they do test with Bolinas, Cal., at time they are 
a commercial phone station, and have discontinued 
broadcasting 

The French station on 19.68, 25.20, and 


has no call 
rl4 NRH on 19.9 should } 
vone off that wave 
W2X0 on 23.35 should be 
visit to the 


e omitted, as he has 


cratched off On a 
tations at Schenectady, it was found 


that 2XAD and 2XAF were the only S.W tation 
which GE now have 

The call of the Moroccoan on 23.38 is CNR; they 
have gone off their 32.26 wave and are now on 
7.038 Mm 

XDA is not on 25.5 now; there is a commercial 
near there (on 25.55 the last time heard) but the 
only music sent is for testing with Merida 

GOSW is now “extinct’’—-you have the call of 


that wave ok (GSD) 

LSX, 28.98 is not now broadcasting, though they 
are testing irregularly with Rocky Point stations 

Cross off T14 on 29.3 m. 

SRI (one) is now on 31.60 m. 

HBL has been heard on 31.27; I do not believe 
them to be on 31.43 m 

VK3ME is no longer on 31.40. 

PRBA on 31.58 has been discontinued 

That EH9OC on 32.00 is no longer a Swiss call. 

HJ3ABF, listed as 39.4, is now near 48.00 

PRADO is on 45.31 but not 39.80, 

X26A has long since been off. 

CM5RY is no longer heard on 41.00 

DOA on 41.46 is a commercial call, and is un- 
doubtedly off the dir now. 

VSIAB of Singapore has been jumbled with a 
Colombian QRA,. (in the list) 

CTIAA is not on the 42.9 wave now. 

REN is not on 46.6 but 45.38. 

I do not think that RV62 is on 46.72 now, since 
a list of stations from the Trades Union Council 
did not include it 

HCIDR is off 47.00-—-they are on a much higher 
wave, and with a different call. 

HKS is now HJ5ABD 

HKC is not on the air now—at least not on fone 

HKA, likewise. 

VE9CF of Halifax is now VE9HX 

JB on 49.40 and SAJ on 49.46 should be omitted. 

It would be best, if you would eliminate that sta- 
tion called FL wherever it appears, since it is very 
little used. 

The Moscow station is on 50.00—-the one on 49.97 
should be removed from the list. 

The following should be removed from the list: 
SXAM on 62.56 (no music or speech) DOA on 
67.65; OHKZ on 70 (not Austrian call); DOA on 
82.90 These are either dismantled or off the air 
at present VE9DR on 25.47; VE9JR on 25.53; 
TGX on 33.50; YR on 40.20; ZTJ on 40.90; CN8MC 
on 47.35; TITR on 47.50; VE9CL on 48.85; CMCI 
on 49.50; VE9CL on 52.50. 
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B) 


ing system was used in many stations. Im- 
agine the fun... one hand on the cat- 
whisker of a crystal detector, the other on 
the tuning-coil crank, winding, unwinding, 
far, far into the night. Did someone say 
“those were the happy days?” 

(2) The first feminine shipboard wireless 
operator resigned her post because of her 
utter disgust with the “language” used by 
operators on other vessels, who, years ago, 
were permitted to say what they pleased, 
and were often pleased with what they said. 

(3) The “TITANIC” had but two opera- 
tors. McBride was rescued; Phillips was lost. 
McBride was the stronger of the two. He 
proved this when, as he was strapping a life- 


belt on Phillips (who refused to leav 
key), a stoker appeared in the radio 
and attempted to remove the life-belt s 
he could use it for himself. 


e the 
room 
o that 
McBride took 
hold of a blunt instrument, struck the stoker 
over the head with it, and wrote ‘30 to the 
episode. The “TITANIC” wy as on her maiden 
voyage from England to New York when 
struck an iceberg and went down Phillips 
the chief Operator, stuck to his post even 
when the icy waters were up to his knees 
The emergency 


she 


transmitter, operated from 
batteries, was used almost entirely in the 


rescue work because of the failure ot the 


generating system in the engine room. which 
was flooded quickly after the giant lines 
struck the berg. More than 1000 lives were 
lost, including all of the men who comprised 
the ship's band, and who played solemn 
music as the stern of the ship plunged he 
Ne ith the Waves 

(4) The International Distress Signal is 


(three dots three dashe S 
lots). It is NOT SOS. (Page Mr 
(5) SOS has no me 


three 
Ripl y). 


ining Of Its OWn, in 


the form of symbols, abbreviations or words 
It is a combination of characters. tl ree long 
three short and three long It Was chosen 
because of the uniqueness of the combina 


uuon, which would be instantly recognizable 
In answering this ques 


t10n, when taking the examination tor |i 


to all who heard it 


cense, it should be stated that the Interna 
tional Distress Signal is ... and not 
SOS. 

63 QD" was replaced with “SOS” 


because it was entirely too difficult to recog 
nize from the ordinary run of characters of 
trathe signals. ““C QD” was the abbreviation 
for “Come Quick, Danger.’ 

(7) Commercial operators who went on 
strike in 1914 were replaced by inexperi- 
enced, rank greenhorns, who were shipped by 
the carload from eastern radio schools. Be 
wildered, many of these men failed to copy 
five words per minute when given shipboard 
berths. They were escorted from the train 
depot to a hotel, where they were kept un 
der constant guard, until assigned to ships, 
They were given free transportation, accom 
modations and meals; they were taken to the 
docks in taxi cabs and were guarded until 
the vessel had cleared the wharf. The strike 
failed, but some of the older operators whose 
service records were unblemished were later 
given an increase in pay to $40 per month 
which was about the prevailing wage scale 
then paid tO waiters less the waiters tips 
An amusing incident in connection with the 
strike was the threatening of a messenger 
boy” for the rad operating company. Be 
lieving that he, too, was a strikebreaker, the 
union men gave chase to the “boy’’ who was 
puffing a long, black cigar when the chase 
began. Stumbling on a curbstone, the mes 
senger boy swallowed the hot cigar. This boy 
later became the owner of a thriving radio 
store. (Name on request.) 

(8) The prominent radio amateur who 
brought about the conviction of Public De 
fender Frank Egan of San Francisco is Igna 
tius McCarty. A brother of the late Jack 
McCarty who was one of the early inventors 
of the wireless telephone, Ignatius, or Ig- 
natz, as he is known, devised a means of 
concealing a dictophone in the offices of a 
doctor friend of the convicted public de 
fender. Connected toa le ased telephone line, 
the dictophone brought to the ears of Cap- 
tain of Detectives Charles Dullea the news 
that a Jessie Scott Hughes was to be mur 
dered. But the detective bureau made light 
of the plans, until the news was flashed that 
the Hughes woman had been found dead. 
Checking back on their notes, they recalled 
the conversation which took place in the dox 
tor’s office and the arrest and conviction of 
the public defender followed. 

(Continued on Page 45) 
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Circuit Analysis of New Patterson Amateur-SW Receiver 
By RAY GUDIE* 


N discussing the various parts of the cir- 
we will with the antenna, 

This consists of a tuned antenna circuit, 
inductively coupled to a tuned first detector. 
This same arrangement of band-pass is used 


begin 


cuit, 








By properly balancing the 
coils they urack over the total range in each 
band 

The if. section comprises three stages 
using 58 tubes as amplifiers and a 55 as 


at the same ume 


on all frequencies and gives the best image second detector, The first detector unit has 
ratio and noise-to-signal ratio of any system a very loosely coupled circuit, The #2 and 
we have tried. The reason we do not use an #3 if. are identical and are coupled so that 
rf. stage is due to the extreme electrical the sharpest peak with maximum signal 
shielding necessary to obtain worth-while transfer is obtained, The 4th if. is over 
gain from such a stage. From numerous coupled, because the secondary feeds the 
tests, we have found that a 58 tube in the diode portion of the 55, The grid of the if, 
if. stage, if biased sufficiently high so that stages are taken from a center-tap in_ the 
ic will not block when a powertul local secondary This helps decrease the load 
station is received, is not sufhciently sensi across the secondary, sharpening the peak 
tive for extremely weak signals. By using There is a slight loss in sensitivity using this 
mn extreme amount of oscillator current in method, but because three stages are used 
the first detector circuit we have been able more than ample gain is at the user's dis 
to keep it from blocking, even when duplex posal, A variable gain control, with a screw 
ng near a powertul transmitter, driver slot for setting, is on the inside of 
Che signal frequency oscillator consists of — the cabinet, The intermediate frequency 1s 
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four sets of coils in the conventional tickler around 432 k.c. This was chosen because in 


feed-back circuit. By inserting a 22Mmf, 


condenser in the grid circuit of the oscillator 


measuring the noise level in numerous places 
it was found to be considerably quieter than 


we are able to get a rising characteristic of 465 or 525 k.c.—465 k.c. has its disadvan 
the oscillator current. In other words, the tages because it is too close to the ship 
oscillator puts Out approximately four times band of 462 k.c. No matter how “tight” a 
more energy on 20 meters than it does on set may be, some interference will leak 
the low frequency end of the broadcast band. through from the antenna circuit into the 
The switch arrangement uses a six-section, LI Stages In some localities it may he nec 
f posiuon switch. Two of these, sections essary to shift the i.f. frequency one way or 
3 and #4, are used merely to disconnect another, three or four kilocycles, if it falls 
the two-gang trimmer condenser when the on a nearby commercial station frequency 
switch is in the broadcast position, This is The second detector circuit is a conventional 
t necessary, but it is convenient, The set push-pull diode using a 55 tube, and _ the 
will track exactly over the broadcast range triode position is used as a first audio, A 
natter in what position the trimmer has  head-fone jack is inserted in this circuit be 
ct Section #1 changes the antenna hind the volume control The volume con 
( section #2 changes the first detector coil trol is located between the plate of the 5‘ 
tions #5 and #6 change the oscillator ind the input of the 59 
( Each band has its own complete set The power output tube is a 7-prong 59 
F } lig low areas a 
‘ s. Considerable dithculty was encoun ne cathode biasing and by passed with a 
in placing the coils so that the leads 10 Mfd. condenses Phe output transformer 
f } ntrer oil ’ firs d cto | 
, a . and the Irst by tector is located on the spe aker ind is connected to 
\ ] ) ft » < itl ) 4 
w uid eS « he ame iet ecause the set with a 4-wire cable 
the higher frequencies the difference of 
; Phe beat oscillator is of the autodyne type 
f-inch in length of the hook-up wire , : 
, j . : and uses a high “¢ tuned plate circuit 
M change the trimmer condenser 15 or 20 : ’ 
: There are two methods of coupling That 
Mmf The trimmer condenser is a single . 
, ‘in 1 , shown on the diagram couples through the 
gang, split stator, 40 Mmf. each unit This : : 
\ cathodes of the i.f. and reproduces a musical 
t ’ e antenna and first detector circuit "ne 
pure D.C. not This method has its disad 
* Chief Engineer, Patterson Radio Co vantages because it has a tendency to push a 
; = aaa aaa — 








very weak C.W., signal into the back-ground 
For the amateur who is interested in wor} 
ing very weak C.W., stations, loose coupling 
of the beat oscillator to one of the diod 
second detector plates is recommended, This 
does not produce as clean a signal on a real 
loud C.W., station, but it will compare with 
the best battery operated T.R.F, 
weak signal. The noise-level of 
is lowered when using this method 
The vacuum-tube voltmeter uses a 57 tube 
with 250 volts on the plate and 75 volts on 
the screen, A milliameter, with its scale cal 
brated in R's is inserted in the cathode c: 
through a variable 1000-ohm_ resisto: 
The grid of the whe is connected to th 
A.V.C, control and a varying input voltag 
on the of the detector will 
cause an increasing negative voltage on th 


on a 
the 


very 
super 


cull 


diodes second 











A.V.C. bus in proportion to the signal 
strength, This negative voltage on the grid 
ial 
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of the 57 tube in the V.T.V.M. circuit causes 
a varying current flow through the milliam 
eter, The meter reads the same no matter 
how the volume control is adjusted 

The filter system consists of a 5Z3 recti 
fier tube and a 6-henry input choke is used 
in the negative lead, the speaker field being 
used 


as a second choke, with a pair of 8 
Mtd. condensers on each side. This is suf 
ficient filtering to reduce the hum-level in 
the speaker to zero. No trace of hum can 


be heard on the ear-fones 


The operation of the set is very simple 
The 


with each set, 


amateur band 


furnished 
In other words, the 80-meter 


settings are 


fone band can be received by setting th 
Master dial at 90 with the wave change 
switch on the 30-75 meter position, The 


band-spread dial will then give a 90-degree 
spread over the 100 k.c, fone band-spread 
dial. It is only necessary to shift the wave 
change switch to the 75-200 meter 
and to the Master dial at 10; then the 
100 k.c. fone portion will cover 30 points 
on the band spread dial and the ¢ WwW. band 
will cover 60 points, The 20-meter band 
covers about 70 points on the band-spread 
dial, The fone portion can be spread out to 
13 points, This is accomplished by setting 
the fone band to start on the bottom of the 
(Continued on Page 31) 


position 
set 
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ae RECEIVING TRANSMITTING NEUTRALIZING 
Wor) : : 
iplis 2 " y)) 
dio  , 
th “The Standard & C ison”? 
it ; 
oe e Standara« Of Comparison | 
Wilh 
Ver) 
SUPE! 
tubs e e 
iS or ¢ - 7 2 > 
i Transmitting Condensers 
ca 
C1 FOR LOW AND MEDIUM POWERED INSTALLATIONS 
iStO 
the GENERAL SPECIFICATIONS 
lray (Excepting construction designs 1618, 16618 and 16601 
Will Overall Mounting Space, Inches Square 1 00 Material of Plate Aluminum 
th Radius of Rotor Plates, Inches 1.44 Material of Frame brass, nickel plated 
mal Area of Rotor Plates, Square Inches $ 24% Material of Insulation-—Kadion (Mycalex bextra 
& Area of Stator Plates, Myuare Inches $810 Contact Rotor to Frame Sell Cleaning Krush 
Btid Insulation Contact with Stator, Sq. In 10 Stator Assembly Method Pressed and swedged 
Shaft Diameter, Inches 47) Kotor Assembly Method Staked and pressed 
Shaft Length, from backs of panel, In 1 OO Frame Assembly Method Machine Screws 
164-8 
INDIVIDUAL CHARACTERISTICS 
See also ‘Midway and 1614 Transmitting condensers 
Pay particular attention to symbols referring to footnotes 
Max Min |AirGapBet Cto€ 
2 ef Cap | Rotor and Rotor or | Type List Plate Number Depth (back 
Minfds Mintds Stator Pl. | Stator Pl. | No Prices Phickness of Plates of panel 
| 
I | 250 15 030" 110" |} *141B $ 3.00 0253" 11 244" 
iSO) 21 030" 110° | *123B 1 00 0253" 21 5" 
| 960 31 030" 110° | *137B 5.00 0253" 41 . 
220 23 070" 190" } 1648 1 00 0253" 21 - 
| 440 42 O70" 190" 1471 7.00 0253" 44 m4” 
‘ 330 41 | O84" 248° } trig 10.00 040" 47 6," 
j 650 6s | O84" 248° | *DT109 22.00 040" 73 WK? 
242 $2 100" 280° | 520B 10.00 040" 33 by" 
525 65 100" 280° 15218 21.00 O40" 67 11’ 
110 $1 iva" 422° | +7T183 0 00 040" 2% bly’ 
228 50 MP! se 422" =| {DT 183 18.00 040° 15 TOY ee 
NEUTRALIZING CONDENSERS 
23 10 bah 422° (511B 3.00 040" 5 | 3" 
50 17 ba be 422° 1513B 6.00 040° 11 he 157-8 * 
56 20 230° 540° T515B 10.00 040" 15 hay’ (Split State 
34 11 171" 392° 1415B 5.50 025" 6 | hy" ' — 
(This condenser, Type 416B, built into our Midway ‘‘Featherweight” frame) 
Type 619 for 662 tubes A very compact three plate condenser with extra wide spacing. One rotor 
(see illustration) plate is easily removable, if so desired, leaving a two plate variable with airgap 
Max. cap. 5 mimfds adjustable. Provided with positive, non-mutilating rotor lock. Mycalex in 
Min. 2.8 mmifds sulation is used. Designed for panel orshelf mounting. Type 519 $5.60 list 
SPLIT STATOR CONDENSERS 
Max. Capacity, Mimfds | Min Air Gap Plate | | Nun 
= | Cap Bet Spacing Plate ber of Depth 
Sections in Per per | Rotor Rotor Iype | List Phick Plates buck 
: Section | Section and or } | Prices hess ea.) of 
‘ace | Mmfds.| Stator | Stator | sf panel 
mm Mult Series Plates | © to ¢ 
er co | . f 
1000 250 wo | 2) | O80" | .110 *156B 6 00 025% 21 1” 
160 10 sO 06}: 614 | 070" 190" 1071 » OO O25 Y i 
tl 42) 100 210 18 |} O70" 100" 157K s OO O254" } A 
ed 100 25 0) | 16 171° 422° tSizh 10 OO O40" 1] t 
ig (Any other condensers listed on this page can be supplied split at $1.60 extra list.) 
s *Standard receiving condenser spacing Suitable for low powered transmitter 
f tRotor and stator plates have rounded edges and are highly polished overall! 
in a ALSO MADE TO SPECIAL REQUIREMENTS SEND PARTICULARS 
if? pegaignsoa 
FIXED CONDENSERS (see illustration opposite 
¢ CAP Plate Dept 
d Mimifds AIK GAP PRICI ryVi Phickne No. Plate Bach Panel 
i 20 | O70" $4.50 1 O40 
0 O70" 7 00 2 O40 0 
. 1OOO 070" 10 00 Ws O40" i 
¢ 220) 1535" 15.00 4 O40 
c Can be furnished for special capacities on order, Will be furnished with three extension 1 for | p 
e mounting unless mounting brackets are specified 
d For baseboard mounting any of these condensers can be supplied with a pair of inting bracket t an 
additional cost of 25 cents (list Condensers are ordinarily equipped with three exten { 
" mounting in the usual manner 
(: Vernier attachment can be supplied when desired 
S A standard locking device for rotor can be supplied for all condense: ted above. We. list 
! 
! 
! . > a | . | 
| THE ALLEN D. CARDWELL MANUFACJTURING CORPORATION 
> <pERro . —p Mm, 
, 81 PROSPECT STREET, BROOKLYN, N. Y. 
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CARDWELL 


CONSTRUCTION 
DESIGN 16B 


TRANSMITTING 
CONDENSERS 





A special bulletin is available describing Construction 
Designs, 166-B and 1666-B High Voltage Condensers. 
Send for it if interested. 





The model is ‘primarily intended to meet requirements where condensers for moderately high voltages 
as T-183, T-199, ete. 


tion to air gaps, than could well be done using our smaller transmitting condenser design as mentioned 
above, and still retain adequate structural strength and a proper balance between the various elements 


furnished in this construction design 


V 


We solicit inquiries for special sizes. 


Depth 
Construction Design No. of Behind Panel 
16-B Type Nos Max. Cap *Air Gap Plates (Overall) List Price 
3279 315 mmf 168 in 31 9 9/32" $32 00 
$280 147 ‘ 168 “ ip 513/16" 23.00 
S281 s4 i 168 * if) 41/2" 20 00 
$276 160 . 204 * 25 a 30 00 
3277 SO ° 204 “ 13 67/8" 22 00 
3278 17 . 204 “ 7 413/16" 20 00 
NOTE: Static shields are furnished only on condensers having .204" air gap 
*Actual air gap between adjacent rotor and stator plates 
All plates have well rounded edges and are highly polished overall 
Standard insulation is Mycalex 
GENERAL SPECIFICATIONS r 
Thickness of Plates 050 inches 
Materia! of Plates Aluminum 
Radius of Rotor Plates 2%" 
Panel Space Required (Rotor Piates extended Width 6'<". Height 54,” 
Contact — Rotor to Frame © 4 Contact Dise—Double Arm Brush 
Material of Frame . Brass—Nickel Plated 
Frame Assembly Method Hex. Head Cap Screws and Lock Washers 
Shaft Diameter ‘, inch 


ire indicated of a size between our Construction Design 166-B and our smaller condenser designs such 


It is possible to furnish in the Construction Design 16-B, greater air gaps, and higher capacities in rela- 


Akewise condensers of low capacity with air gap equivalent to that used in our standard 166-B may be 


The 16-B can be supplied with promptness and within reasonable limits as to capacity and breakdown 
oltage. Standard air gaps (actual air gap between adjacent rotor and stator plates) are .168 inches and 
04 inches, but condensers with air gaps of .231, .122 and .090 inches can be furnished on special order 


rhe figures given below indicate a few possible sizes. The number of plates determining increase or de- 
rease in capacity can be accommodated to suit special requirements, provided that an overall depth behind 
manelof 11", as indicated for Type No. 3276, is not exceeded 


May be furnished with Split Stator, if desired. (Add $3.00 to list price of Single Condensers). 


Stainless Steel 


Mycalex 


Shaft Material 
Material of Insulation 





brought forth 
ccross his c« 


the multiplicity « 


tubes shown. 


facturer of the tube 


Suggestions for Selecting Transmitting Condensers CARDWELL TRANSMITTING 
Phe “Voltage Breakdown" method of rating transmitting condensers has recently been abandoned by CONDENSERS SUITABLE FOR 


The Allen D, Cardwell Manufacturing Corporation due to the manifold confusion and errors that it has 


It is very inaccurate, as the average user has no way of estimating the voltage he will have 
NEUTRALIZING 


yndensers, and there are 80 many variations in the quantity to which this may extend, due to 
f circuits, positions, and kinds of current, that it is not to be wondered at that the user 


gets the wrong condenser more often than the right one 
the condenser which may be expected to withstand the maximum current anywhere in a transmitter using 


CARDWELL TRANSMITTING CONDENSERS SUITABLE FOR STANDARD ee 
TYPES OF TUBES 10 | O3A | 52 O4A 


For neutralizing purposes see other table 1! 
- ” PER ee gggper—a— pe —— — “Balancet” ‘*Midway” | 512-B 
— ; . ‘ ‘ fa) 512 or 
eYPES OF TUBE — Type lype No. | | 513-B 
= ne EE EE _— =n : eee noone 607-A 408-B | os 
65 S52 OSA 61 ] 63 Midway or 515-B) | Use I'ype Cons. De 
10 S6O ll OA 19 O68 ys Pype if two No. 519. sign 16-B 
r iller 07 101-B tubes in par- | Type No 
or Type allel or Type 3278. 
Use Type Use Type Use Type Use *C or D'"* 108-B ASB 
l-199 or T-183 | T-199 or T-183 166-BR or Type “Midway” | 
or Cons or Cons High Voltage S 1852-R (CHV Condenser 
Design 16-B Design 16-B Condenser Condenser = = <————— ~ : 
ype No. 3279 rype No. 3276 or Cons a — 
| or Type Design For Push 
166-BR 16-B Type Pull Ampli 
High Voltage No. 3276 fiers using 
Condenser 0, -1 See = ———-—_- ee 
"A For Push-Pu or O06 *I) 2 : 
Amplifiers Tubes usc 07 Construction Design 1666-B. Type S-1855 or 
See Next 16-B—Type oS | 5-1683R (High Voltage Condensers). Send for 
Column No. 3279 folder 
| S with : : 
Split-Stator Special Condenser (not listed) of Construc- 
rS 1852-R 51 tion Design 166-B, 7/16" airgap Cap. 70 
with mmifds. Type No. S-3120. Price—$60.00 (list) 
Split-Stator Send for folder 
or DT183 Split fee : 
| Special Condenser, (not listed) of Construc 
a -_ — —— ane -” | tion Design 166-B, 7/16" airgap. Cap. 70 
19 | mmfds., Type No. 8-3120. Price, $60.06 
* I rdwe 30" rgap Condens« See Recei r Conde ‘rs, also ‘‘N Condenser , | Sole e, 30 ) (list), 
\ Any ( an iw 030 Airgap ( ndenser ‘ R ving ¢ lensers, al lidway ondenser | or, special ¢ eel Design 16B with aplit Bn 24: 
Sp il Model of 166-B Cardwell Condenser, (state apacity required Send for folder. 
>—Sx al Mods f 1666-B Cardwell Condenser (state capacity required High Voltage Condenser ——— = is 
NOTE: It is assumed in all cases that the plate Itage to be used is that specified by the manu 


Reference to the tables following will indicate STANDARD TYPES OF TUBES 
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FEATMERWEIOMT 
RECEIVING \ TRANSMITTING 
“~ _ 
LIGHT WEIGHT COMBINED WITH MAXIMUM STRENGTH 
The MIDWAY is a small and compact variable air condenser whieh, without ifford permanent, steady tension atallimportant points. Only deliberate tamper 
doubt, should find considerable application for many purposes where extremely ing willloosen this assembly 
light weight and reduction of bulk are desirable in receivers, transmitters and There are no swedged rivet or eyelet heads to become slack or inert because 
oscillator-amplifier outfits. Condensers of this description having a breakdown 
. ‘ 7 of long continued strain due to vibration or shocks or because of temperature 
rating sufficient for transmitters using up to 75 watt tubes may be had in « puck 
i oe he iain h vanal aes f » Sate hc # changes causing expansions or contraction of the insulation. Ruggedness and 
Se ee Oe es ES. A Pas irface Of only 3°x2%y° is required and the strength have not been sacrificed to any expedient making for cheapness of 
condensers weigh only 4 to 7 ounces manufacture 
Because the MIDWAY is necessarily light in construction to meet the require : : 
ments for which it is intended, in aircraft equipment, portal le sets ard the like Aluminum is used throughout with the exception of bearing or contact surface 
our responsibility for its structural strength has been met by particular attention making extreme lhehtne of weight po ible The mall amount of stee Ince 
to the design of this condenser. Wide surfaces at joining points in the frame in is well cadmium plated 
sure rigidity, while cap screws and studs securely held by lockwashers and nut Mycalex insulation can be furnished at a small extra cost 
a] 
RECEIVING 
Also suitable for low power transmitters using '10-type tube 
OSL" Airgap) 
No Depth | Max Min Weight List 2-CGang Split 
ype Plates Behind | Cap Cap Approx Price List Stator 
| Panel Minitd Moinfd la 
wI-B | 3 »O/16 25 ; 1 on $2 10 3 60 
02-8 | 5 20/16 0 & 11% on 2 20 3 80 
103-B | 7 20/16 70 st) thy o7 2 30 4 00 3 60 
104-B 1 20/16 105 10 > OF 2 40 4 20 3 80 
105-B 1S 290/16 150 11 hy oo” 2 50 4 40 4 00 
106-B 25 $O/16" 200 13 6 of 2 75 *See note 4 40 
107-B 35 ,O/16 865 14 7 of 3 00 below 4 80 
Giang or Split Stat 
107-BS (020 Airgap) 2 gang, 375 monfd per sec ly pth 3%*° $5.50 list NMidw 
= 107-CS (Semi-SLW) 2 gang, 360 mmifds. per sec, Depth 37," $6.60 list 
. . TRANSMITTING 
GENERAL SPECIFICATIONS 
Rotor and Stator plates of Transmitting Condensers have edges well rounded and are highly pol 
Overall mounting space ‘x2 inele ished overall, thus eliminating corona losses and increasing breakdown voltage 
Shaft diameter , inch Suitable for tran mitter using up to 75-watt tube 
Shaft length (from back of panel Linch O70" Alrgap 
Material of insulation Radion (Mycalex extra 
Material of plates Aluminum ' ' No Deptt Max Mit Weight List Gang 
ype late sehine Ca prox ( t , 
Material of frame Aluminum | mat Pant Manta Re 5 \ppr Pr : 
General construction, quality and desig exactly as 
identified with other CARDWELL Condensers 108-B ) 9/16" 6 1 of $2 60 4 60 440 
100-8 j 0/16 q 1 1 2 80 5 00 4 50 
110-B 11 29/16" A) 11 OF 3 20 5 80 4 60 
411-8 1S ,O/16 70 1s Z 3 60 ubet LT) 56 00 
112-8 21 $O/1t LOO l 6 MZ 4 00 t 5 30 
: 4é : ” , , ) 
Midway ‘Featherweight 115-1 | a WS: 150 | 5 00 5 90 
~ 115K LS ia i L] ‘ Z 5 
Band-Spread Condenser . 
High Voltage Neutralizing Condenser 171” air gay 
*TWO GANG CONDENSERS —Pric« hown are for idensers havit each section 
equal to that of the single condenser listed on the same & to the t 
SPLIT STATOR CONDENSERS Prices shown are for conde y each section 
mately one half of the capacity shown on the same | to the left 
WHERE NO PRICE IS SHOWN for two gang lensers, a cor er ' 
the single is not regularly furnished. Spe i] condensers will be supy if ' 
‘oman RIF per section for Midway 2 gang receiving condenser xcepting types 407-Bs ( 
ree +H ection for transmitting Midway 
WHEN ORDERING BY TYPE NUMBER, state whet! , 
Made in two stock sizes each consisting of a low capacity wanted 
section and a high capacity section built into the famous . — , a se eee aes 
Midway ‘‘Featherweight" frame. Each rotor is controlled by FOR SEMI-SLW TUNING Ke Hees ng and 1] ng Midway ¢ 
special order with shaped plate rse! SLW tuning. Capacitie will be de 
a separate shaft. A ball bearing between the inner ends of f + xf hy? tal 
the two shafts, in addition to end plate bearings, insures sh capac given 2 ba pdhcgs oa 
against end play and permits smooth and uniform opera- SUB-PANEL OR SHELF MOUNTING: Mounting angl 
tion. This condenser, like our other Midways (see page of condenser Price per pair list 
numbered &), is extremely light and compact. This model 
is arranged for either shelf or panel mounting. Has a posi- 
tive non-mutilating rotor lock on high capacity section ROTOR 
Type No. 517-25 mmfd. section and 50 mmifd. section ROTOR LOCKING DEVICE: For use whe : 
$4.25 list P . adjustment trom tront of pane not required LOCKING 
“ae” 518—25 mmfd. section and 100 mmid. section Will fit any ‘‘Midway, Standard ze, OF | DEVICE 
~ Other combinations may be had on special order Cardwell condenser Price each .60 
Write for quotations list 
= 
THE ALLEN D. CARDWELL MANUFACTURING CORPORATION 
$1 PROSPECT STREET, BROOELIN, N. Y. 
ed 
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CARDWELL CONDENSERS 





RECEIVING TYPE, Airgap .030” 


(Also suitable for low-powered transmitters using No. 10 type tubes) 


(See Also ‘“‘Midway”’ Condensers) 


THE TYPE B (SLC) CONDENSER 


Single 
Max Min Depth 
No Cap Cap lype Back List 
Plates Rated) Mmitds No of Price 
Mmifds Panel 

3 50 11 159-B 24% in $3 00 

) 100 12 ISS-B 2% in 3.00 

7 150 13 154-B 2% in 3.00 

ll 250 15 141-B 24% in 3.00 

: *17 375 1s 152-B 27% in 3 50 

Above illustrates standard Type 2] 5) 2] 123-B 97% in 4.00 

“B" condenser, This is “single 4] 1000 31 137-B 4 in 5.00 

end” type. Rotor plates are semi - — — - - - 

circular Intermediate Capacities (Not Listed) may be had on special order 
also double and triple condensers 
THE TYPE C (SEMI-SLW) CONDENSER 
Single 

o 3 50 “10 | +191-C 23% in $3 00 
o 5 90 ll |} 167-C 2% in 3.00 
ae 140 13 | 168-C 246 in 3.00 
013 250 | is _j 170-C 2% in 3.00 
o*17 350 16 171-C |} 2’@1n 3 50 
o 25 500 18 173-C | 4 in 4 50 
o 71 1500) | 38 | 176-C 57% in. 10 00 





*May be obtained in double and triple units from stock. Others on 


spec 


Oo 


type number according as clockwise or counter clockwise rotation to 


“ial order 
May be obtained for right or left rotation. (Add “‘L” or “R” to 





increase capacity 18 desired ) 


The Type ‘“‘C”’ Condenser with a tuning curve commencing with 


straight frequency and changing to straight capacity is ideal for use 171-C 


int 


uned radio frequency circuits.) 





Typical construction of ‘*C” type (Semi- 
SLW) balanced rotor type gang con- 
densers. Gang condensers may also be 
had ‘‘straight-in-line"’ on special order, 
if desired bath “‘B"” (SLC) and “*C” 
(Semi-SLW). 


* 


DUAL 


Type 217-C (list) $6.00 


TRIPLE 


Type 317-C (list) $8.00 


.00035 Mfds. (Each Section) 











TYPE “E” TAPER PLATE CONDENSERS 


will give ample separation on all wavelengths 


tendency towards so-called ‘‘wobbulatioa.”’ 


PRICES 
TYPE “E” CONDENSERS 


No Min. Mam 
Type No Plates Mmfds. Mmfds 
*201-E 2 7 50 *See Footnote 
10 2 
7202-E (Split Stator). . 10 6 300 (Sections in Multiple) 
Series) 75 (Sections in Series) 
150 (Per Section) 
191-E 3 10 75 
167-E 5 13 150 
168-E 7 14 220 
169-E sé 11 17 350 
192-E.. oe 15 21 500 
*Stator plWte adjustable see illustration 
tSee illustration 
Double units, not listed above, special and subject to quotation 
fds Single units with extended shaft and coupling for single control of gangs, $1.50 extra, list 


Depth 
Back of 


Panel 


3 


The Taper Plate Type ‘‘E"’ Cardwell Condenser, which introduced the Ideal Tuning Curve midway between 
straight wavelength and straight frequency, was the first logical answer to the demand for a condenser which 


4 

In the type ‘‘E” condenser, a stiffness is obtained which has been heretofore unequalled and calibration 
or the log of a set using these condensers will remain absolutely the same for all time. This condenser is par- 
ticularly well adapted for short wave receivers due to the extreme rigidity of the plates which eliminates all 


in, 


in 
in 


in. 


in 
in 
in 


Price 





$4.00 202-E 
75 
OO A Split Stator taper 
00 plate receiving con- 
25 denser with common 
75 rotor stators insu- 
00 lated from each other. 


(Useful for tuning 
Pusher Pull circuits.) 








C 





The Cardwell Balancet is a superfine condenser of unusually compact size which 


BALANCE ] may be used for neutralizing, balancing, vernier. and for many other purposes. In 


ardwell — _ j—_ mechanical strength and efficiency it 1s equal to the regular tunirg condensers A 





Single Dual 
Capacity, Minfds Capacity, Mmfds 
List ra | List 

Type Max Min Price Iype *Max. | +Min Price 
603-A ) £1.00. 606-A 5 2 $ 
605-A 15 6 1.25 610-A 15 2 00 
607-A 25 7 1.25 614-A 25 3 
609-A 5 7 1.25  618-A 35 | 3 

611-A 10 74 1.50 | 622-A 40 4 50 furnished, 
613-A 50 7% 1.50  626-A 50 4% | 60 
*Each side tSeries connected 


1 
2 
2 
2 25 only one vernier knob. 
2 
2 


quarter inch shaft and concentric one hole mounting permit the use of any knob or dial 


The dual models have two stator sections so arranged 
that a decrease in the capacity of one side is coincident 
75 with an increase on the other, and double and triple 


25 section condensers can be very easily synchronized with 


Rotor locking device can be 








THE ALLEN D. CARDWELL MANUFACTURING CORPORATION 
81 PROSPECT STREET, BROOKLYN, N. Y. 
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Auto Antenna Hints and Detailed Instructions for 


Eliminating Generator and Ignition Noises 


LOW capacity shielded lead-in wire 

should be used. The shield must be 

grounded as close to the antenna post 
as possible. Keep lead-in wire as short as 
possible. When under-hood mounting is 
found necessary, the antenna post may pick 
up motor noise, in which case it will be 
necessary to shield it. The lead-in wire 
should be brought down to the body post near- 
est the end of the receiver that has the anten- 
na post so as to keep the lead-in wire as short 
as possible. The shielded portion of the lead-in 
should extend from the receiver to a point 
approximately eight inches from the aerial 
proper and the shielding must be grounded 
at this point to the metal framework of the 
car by soldering a piece of wire to the 
shield and fastening the wire under a con- 
venient screw head. 

There are various types of antennae, but 
the recommended type is the roof antenna. 
Many automobile manufacturers install an- 
tennas in the roof of the cars at the factory. 
The lead-in wire is usually coiled up under 
one side of the instrument panel. 

Insist upon having a good antenna. An 
automobile radio is no different than a house 
radio in that good reception can only be had 
by use of a good antenna, 

Roof antennas should be kept at least three 
inches away from all metal parts of the body, 
and from the dome light and dome light 
wires. The wires running from the dome 
lights or corner lights should be shielded, 
and the shielding securely grounded to the 
metal of the body and to the dome light 
case, by soldering a wire to the shield and 
fastening the wire under a convenient screw 
head. This can be easily accomplished while 
the top liner is lowered for antenna installa- 
tion. When installing roof antennas in cars 
with tops supported by wooden roof bows, 
use No. 16 mesh copper screen. 

Some cars have the top deck supported by 
poultry wire, which is grounded to the body. 
This will necessitate the cutting out and re- 
moval of three inches of the poultry wire all 
of the way around between the wire and the 
body and away from the dome light and the 
dome light wires. The poultry wire can then 
be used as an antenna. A large antenna is 
always advisable, and should be at least three 
feet square (nine square feet), or a like num- 
ber of square feet in some other shape. In 
most automobiles at least twelve square feet 
can be installed. 

Every antenna should be checked for 
ground in the following manner: Using a 
continuity tester consisting of a low range 
high resistance voltmeter (1.5 or 3.0 volt 
scale) in series with a dry cell, touch one 
lead from the continuity tester to the an- 
tenna and touch the other lead from the con- 
tinuity tester to the body or other grounded 
portion of the car. If any reading is ob- 
tained, even though very small, the antenna 
is grounded and cannot be used for an aerial 
until the ground is removed. 

If a continuity tester is not available, con- 
nect 200 volts of “B” battery in series with 
a 200 volt, 1000 ohm per volt, sensitive 
meter. Touch one lead from the meter to 
the antenna and touch the other lead from 
the batteries to a grounded portion of the 
car. If the sensitive meter reads more than 
two volts, even when the roof of the car is 
damp, it indicates that the antenna is 
grounded. The ground must then be re- 
moved, 

Under car antennas are not recommended, 
but where it is impossible to install a roof 










4... 


antenna, an antenna formed by placing not 
less than four square feet of copper screen 
between two pieces of water-proof material, 
such as leatherette, and sewing it in, will 
work satisfactorily. The water-proof insulat- 
ing material is then fastened to the frame 
of the car. It may be necessary to make the 
antenna in two pieces in order to obtain four 
square feet of screen. Care must be taken 
to make sure that the screen is not or can- 
not become grounded to the frame of the 
car. Test for ground in the same manner as 
instructed for roof antenna, 


Adjusting the Antenna Circuit 


The antenna circuit must be adjusted to be 
in perfect resonance with the particular an 
tenna to which the receiver is connected. 
Tune in the station on which the receiver will 
be operated. A distant location, or a point of 
low signal strength, will permit the best ad 
justment, for a weak signal produces the 
sharpest resonance point. With a small insu- 
lated handle screw driver, turn the antenna 
adiusting screw to the right or left slowly to 
the position of maximum volume. Once 
made, the adjustment need never be changed 
unless the antenna system is altered, or the 
receiver is operated on a different kilocycle 
frequency. 


Method of Eliminating Generator 
and Motor Noises 


There are three kinds of interference that 
have their source under the automobile hood. 
They are caused by: 

1. Generatér commutator sparking. 

2. High tension spark discharge. 

3. Low tension breaker point arcing. 

1. General Commutator Sparking. The 
brushes on the generator cause an interfer- 
ence ‘whine’ which increases in pitch as the 
motor is speeded up. A 1 mfd. condenser is 
used for filtering out this “whine.” Fasten 
this condenser to the frame of the generator 
or cut-out housing. Connect the condenser 
lead wire to the terminal on the generator 
side of the cut-out 

2. High Tension Spark Discharge. The 
high tension spark discharge can be elimi- 
nated practically 100 per cent by means of 
the spark plug suppressors and the distribu- 
tor suppressor. Place one spark plug sup- 
pressor on each spark plug, and the distribu- 
tor suppressor on the center high tension 
terminal of the distributor. It might be well 
to clean all of the spark plugs, and to prop- 
erly adjust the points to spacing recom- 
mended by the car manufacturer. In cases 
where the idling of the motor is affected by 
the suppressors, it is advisable to increase the 
spark plug air gaps an additional .004 of an 
inch over the recommended spacing. 

3. Low Tension Breaker Point Arcing. The 
low tension breaker point noise is the hard- 
est to cure. With the spark plug and the 
distributor suppressors in place, all of, the 
remaining interference generally comes trom 
the low tension breaker points. Try con- 
necting the lead of a .25 mfd. condenser on 
the primary terminal of the ignition coil 
which runs back to the ammeter and battery 
through the ignition lock. Mount the con- 
denser to a good ground close to the coil. 
If this does not reduce the noise, try revers- 
ing the primary leads to the ignition coil. 

Where the ignition coil is mounted on the 
instrument panel, the high tension lead from 
the coil should be shielded. This shielding 
need not extend farther than through the 
bulk head into the motor compartment, 


where it should be grounded directly to the 
motor head, 

The metal shielding covering the speaker 
cable should be securely grounded to the 
bulk head or to the frame of the car. 

Radiation from the dome light may be 
checked by turning the dome light on and 
off or by removing the dome light wire from 
the ammeter and grounding this wire to the 
metal dash instead. If the 
creases, the dome light leads are radiating 
into the antenna. Proper shielding, as out 
lined under the “Antenna 
inate this source of 


interference de 


section, will elim 


interference Sometimes 


it 18 necessary to place an additional .25 
mfd. condenser or one of greater capacity 
from one terminal of the ammeter to the 
metal dash. Where an under-car antenna is 
used, it may he necessary to by pass to 
ground one or the other of the tail light 


25 mfd 
_ To check for additional low tension inter 
ference, operate the receiver with full volume 
while both the antenna and the antenna 
shielding are completely disconnected from 
the receiver. If a .25 mfd. condenser, or 
one of greater Capacity, connected from am 
meter to the metal dash, does not eliminate 
the remaining interference, try grounding the 
following controls to the frame of the car; 
choke, throttle, spark, starter, speedometer 
cable, gas gauge, etc. Also try by-passing to 
ground with a .25 mfd. condenser, the fol- 
lowing objects: electric cigar lighters, elec- 
tric windshield wipers, electric gasoline 
gauge, electric clock, hot water heater. fan 
motor, stop light switch, etc 

Try shifting the aerial lead-in wire, 
speaker cable and battery cable lead to the 
different positions. Also try grounding these 
leads at different points. It may be necessary 
to ground the hood at two points on each 
side by winding bare wire or thin metal 
around lacing which prevents the hood from 
contacting the metal underneath the lace. 


Special Instructions for Ford V-8 


To eliminate spark coil interference in 
Ford V-8 automobiles, remove from the 
cable running into the high tension conduit 
on the driver's side of the motor, the red 
wire that goes go the distributor head and 
the yellow-black tracer that goes di- 
rectly to the cut-out box on the generator 
Shield the red wire and the yellow-black 
tracer wire separately with metal shielding 
and bond the two shielded together 
by soldering them every three inches. Ground 
the two bonded wires to the copper carbu 
retor supply line by taping them to it. At 
the distributor connect a .25 mfd. condenser 
between the terminal to which the red 
fastens and the ground. Connect another 
mfd. condenser 


wires with a condenser 


wire 


wires 


wire 


9«< 


be tween 


one side of the 
ammeter and the ground. 
Courtesy Engineering Dept 
Sparks-Withington Compar 
- ——_ @®ee- — as 


Tm 


New Littlefuse Retainer 


The No. 1061 fuse container, manufactured | 
Little Fuse Laboratori meets the demand of 
manufacturers of auto and batter perated radix 
ets for a fuse mounting that would not take 


and still be readily 


any additional room in a set 

accessible for servicing and renewal It is hur 
directly in the line between the storage battery 
and the radio power supply A tension sprir 
furnished perfect contact to the fuse, which is 
fully protected by a fibre casing The 3AG-type 


automotive fuse fits the holder 
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elect! 
, . twee! 
shanna If we do this, and fasten the electrons close 
_ , " : together, we will have a stronger field. With 
A Complete Course in Short-Wave Radio, Simply Told. Non-Mathe- a stronger field we can make a large number 
stica Beginners Experimenters, Amateurs, Advanced Set Builders, of oon flow. We can wry stronger 
” Jie é ' be ase currents flow with a stronger field. 
All Th- a | \ e Radio | Be ) . 
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«This New Course Which Considers Radio From An Entirely Different om end of it to ~ long egg “—e has 
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“» Wee c . A | P - > ah -| > ge = eP . : ~ . The e 
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will hold them tn and keep them Rowing tO oe ~ a ae My eae ee Fee them 
- ‘ ‘ ° . gether. So let it a gro mn a board and P ‘ . roar 
Experiments With Electric Currents ——— -* _ t Breve I A DOs ‘ At the right in the above drawing, five electrons pat: 
try rolling a few electrons along this groove have been fastened close together on the end of a — 
N the last experiment with electrons we If we do this, we will see that they run small piece of wood. This wood is fastened to a sh Ww 
— aes ‘ — 1 ic 9 | ; a ; ; » SHOY 
strong field at the end of a stick easily along the groove. The groove makes board which has a long straight groove in it for the 
% ; ieee sochns ‘ ‘ : ‘ - electrons to then roll in. After the wood is fastened 
tastening three electrons Close together. = 4 path tor them. When electrons roll to to the board, several electrons are fastened close 
We put the end of this stick near three gether in the same direction along the groove together in the groove as shown. It is hard to get eacn 
ss lectrons which were fastened close they make a current the electrons near the end of the stick because the 10 n 
as Se 41 ae lank ar the pecs? Mic pncger iss i] : : a field is so strong. The electrons in the groove also Ther 
gether on the table. ( Case 100K lo try some really interesting experiments, all push on each other so it is hard to fasten them ' 
awings of Fig. 6 again) While we held it will be best to use a long board and cut close together. But with the help of our friends we alon 
rie 1d of the stick near the electrons on 1 groove along its whole length: we will finally get all the electrons fastened close together will 
> = are : ht lectrons go free ee. bedipaee y" = ‘> T in the long groove as shown in the above drawing. Bi 
the table we let the three erectr s then have a long path for the electrons to ro The field is very strong at the end of the stick. for « 
As soon as the electrons were let loose, they in. If the groove in the board is long, we There is a strong push on the electrons in the groove. ; 
quickly rolled away from the strong held at can use many more electrons and have plenty — 
th 1d of the stick ‘rom this experiment ( om for them. We can try some more ; enc 
the end of the stick. Fr i " room for the : kine the board, fasten a number of electrons close wes! 
we learned that electrons can be made to flow experiments and see something new. For in- | ‘ 
e lea Ca 1 uf together along the groove and near to the So ¢ 
by means of a strong held. When electrons stance, we can make the electrons roll along ad af a tick I 11 be hard I s 
agg end of the stick. w > har » ge the 
flow there is said to be an electric current. fast, slow down, or stop if the board is “A € iC . t : I “ lard : pet the ~ 
In our experiments we used electrons as long enough. When we tried the experi- € yaaa hear the enc of the stick because vee 
: -s . . > > Ss very ’ Vv 
big as marbles. But it should always be re- ments before, we sometimes had to keep the the field is very strong. But push hard and will 
nembered that real electrons are so small electrons from rolling off the table. With get the electrons close together, as close to ha 
that you can never see them even with the a long board with a groove in it we can the end of the stick as vou can. All of the ad 
most powerful microscope let them roll as far as we want and see what electrons will push on each other and you a 
saanpsincsn —— ; . stic 
We have learned that a current is made up _ they do. may have some trouble getting them close 
of electrons and that the strength of a cur We made a stick with three electrons fast- together. So it will be best to have some of rss 
rent depends upon the number of electrons ened to the end of it to use in the last your friends help you. They can hold the rw 
flowin is interesting to know that bil- experiment. Take this stick and a it - electrons while you fasten them down along plac 
5 ss R : ’ oes i tig. & 74 . > , = . : ° . 
lions and billions of electrons are necessary the board as shown in Fig. 8. asten the the groove. With a little patience you will 
; : lest elec nt. : d 
to make even the smallest — — : be able to get the electrons pretty close to- Ho 
ft understand tr urre tter iets ee ee . , —."s . 
So to understand electric Cul ig p tetete g— Se — soe gether. Take a look at Fig. 9. This drawing \ 
ne oe Genre exnerimenss Gn » a large tad 0 Shen a r Fae 
(ry some more experi 7 s an <r aa rns mat any 55 shows how the electrons should be fastened 
ber of electron d see just what a reé a ee ee SN: . ee . elec 
1umber of oor gee , — onl uoes ser samont cot re Boas me ssa" down. Be sure to fasten them down tightly. \ t 
curre s and what it does , — . y If you are not careful about this they may ’ 
_~ . , ‘ Y ’ y >» ) “| = ~ J j " 
e we are going to make some break Inose and roll away. “wid 
ne el 1 irre! S nger cur- sid a , . : ‘ . ‘ : navi 
ng electric Currents. otronge om This is the same experiment we did before. This After all the electrons have been fastened 
make it easier to see — ‘hee - mete make ae af 0 Coane tee groove - it io to the board as shown in the drawing of " 
nen If we see what currents are and wha the e ectrons wi stay together an Ow ina straig ce a , saee A ~eaers “y~Heri- 
7 a sy to understand them. line. When the electrons are set free they roll Fig. ), we can try a very interesting experi mac 
ey do — Medios os will away from the end of the stick along the groove in ment. The fields are much stronger now. We ro 
tri ul we 1 rol 
If w ¢ . ctric cur ge € the board. are using many more electrons close together. & 
} one thing radio sets - " : - awa 
un ical things and radu Now we can see how real currents flow and 
SION 
‘ aaa ons in >» Seoowe | , what they do. 
When we made the electrons flow in our three ee ine. groove in pAlgeer Let's do the same thing we did before whi 
, eae ful to Fasten them as near to the end of the stick : ; é e Pro 
st experiment we were not very Careful tC af Loosen all the electrons in the groove. Don’t 
ge "a ya rether. We @ you can. Then loosen them one at a rer curt 
see that they all flowed along together. } . . touch the electrons on the end of the stick. 
‘ ; time, hold them in place like you did before, d f s ; we 
{id not make any path for the electrons to ee , r f “ge Leave them there. As each electron in the 
and then let them all go free at the same ; s gro 
dow ong. There was nothing to keep Y . r ; RC sen “one groove is loosened, hold it there. Loosen the 
. . ; ¢ 1e ‘ cae > > y ‘ A stre 
hem moving together in a line. Electrons "™€- 7OU Will see the same thing happen — electrons one at a time and hold each one of 
il t A ° > . , > > T > alec r y 0 
have to move along together to make a ‘hat you saw before. [he electrons will them in place until all of the electrons are 
urrent And to keep them together you spec d up and roll away from the end of the loose. When they have all been loosened, let 
have to make some kind of a path for stick, But this time they have a path to them all go free at once. See the drawing of 
hem to go along. Is it not easy to see that flow in and so they will all flow along the Fig, 10. 
they will go in almost any direction if we groove. There will be an electric current. What happens? Look! How fast they go! 
io not make some kind of a path or a_ The groove in the board keeps the electrons All the electrons suddenly speed up and 
rack” for them? If the electrons do not flowing just the way we want them to. So roll very fast along the groove in the board. 
flow together they will not make a current. if you want electrons to flow together and The field that pushes them is very strong 
Think of the flow of water. There would — stay together all you have to do is to make now. This strong field makes the electrons If y 
be a current of water unless you made a path for them to flow along. It is easy speed up quickly and flow away. How fast foll 
some kind of a path for the water to flow to make an electric current if a path is they go! We made the groove in the board atic 
g¢. To make ‘such a path, we could dig = made for the electrons to flow in. just right because all of the electrons flow To | 
small ditch for the water to flow in. We Now that we have seen how we can make along it no matter how fast they go. None hav 
could also make a pipe for keeping the water electrons follow paths that we make for of them get out of the groove. That's a real 
particles together. The ditch or the pipe them, let's try some experiments using more current! The electrons act like they were 
keeps the water so that all its particles flow electrons. If we use more electrons we can going somewhere and there are a large num- y 
ng together. When all the water flows make stronger fields. With stronger fields ber of them moving along the groove. That 
ng in this way there is a current of water. we can make stronger electric currents. And is just like a real electric current. The groove ea 
In the same way, to make an electric cur- if we make paths for the electrons we can keeps them together and they all flow along 201 
rent the electrons have to go along some make the currents flow in any direction we the path made for them. In this way they im 
kind of a path, together. To keep the elec- want them to. make a strong electric current, can 
1s flowing together, we have to make a Instead of fastening three electrons to the If we used a long board with a groove all 
Keo to flow end of a stick like we did before, let’s fasten the way along it we would see that the ara 
For inst we could cut a groove in a_ five of them to the end of a bigger stick. electrons begin to slow down after they have 
_ ; 
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rolled along for a long distance. We would 
also see that they get farther apart as they 
keep rolling along. This is true because the 
electrons push on each other. The push be 
rween them makes them move away trom 


>.22 


~ 
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The electrons close together at the end of the stick 
make a strong field. The electrons in the groove 
will not move until they are loosened. To make a 
current flow, lcosen each electron in the groove one 
at a time and hold it there until all the electrons in 
the groove have been loosened. After all the elec- 
trons in the greove have been loosened, they are all 
set free at once. The strong field at the end of the 
stick then can push on these electrons and make 
them speed up suddenly and move away along the 
hoard. All the electrons will flow in a straight line 
because they have to roll in the groove in the board 
as shown in the above drawing. This experiment 
shows how a strong ficld can make a current flow. 


ch other. They will move apart until they 
io not feel the push between them anymore 
rhey will move pretty far apart as they roll 
long. After a little while all the electrons 
will have come to rest 

Before coming to rest they will have rolled 
for quite a distance. They have rolled so tat 
that they cannot feel the strong field at the 
end of the stick anymore. A_ field gets 
weaker and weaker as vou go away from it 
So after you are a good distance away from 
the field you will not be able to feel it. For 
his reason the electrons will finally slow 
down and stop. When they have stopped vou 
will see that they are pretty far apart. They 
have kept rolling along until they can no 
longer feel the strong field at the end of the 
stick. As they rolled along they also moved 
away from each other. So when they have 
finally stopped rolling they will be apart 
from each other and also pretty far from the 
place that they started to roll away from. 


How To Keep Electric Currents Flowing 


We made a real current that time. But the 
electrons soon came to rest. If we wanted to 
keep them going we could follow along be 
hind them with a strong field. We would 
have to keep a strong field near them_all the 
time if we wanted them to keep going. 

We have made a strong field. With it we 
made a pretty good current flow along the 
groove. But as soon as the electrons get 
away from the field they move apart and 
slow down. These are very interesting facts 
which make us think about electric currents 
Probably we will wonder how to keep the 
current flowing for a long time. How can 
we keep the electrons moving along the 
groove? One way would be to move the 
strong field along behind the electrons as 
shown in the drawing of Fig. 11. But that 
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If we wanted to keep a current flowing, we could 

follow along behind the electrons and keep pushing 

them along with the strong field at the end of the 

stick. In this way we could keep a current flowing. 

To keep a current going for quite a while we would 

have to have a very long groove for the electrons 
to flow in. 


a lot of work. So let's find a simpler way 
» keep the current flowing. To make any 
al use of currents we have to keep them 
going as long as we need them. And some- 
times we need them for a long time. How 
can we keep an electric current flowing ? 

If we made a groove in the board go 
around in a circle it would be much easier to 





keep a current flowing. :So let's use a wid 

board and cut a circular groove in it like in 
the drawing of Fig. 12. After we cut this 
groove, let’s put a large number of electrons 
in it. These electrons will stay as far away 
from each other as they can, because they 


Let’s take a wide piece 
of wood and cut a round 


groove in it like you 

see in the illustration. | * 
After we have cut the | wr ~~ 
groove, let’s puta lotof | ¢ | 
electrons init. Because | + Vs 4 
the electrons push on \ ‘Sees® 


each other and try to 
stay apart from each 
other as much as they can, they will come to rest 
at equal distances apart around the groove. If we 
wanted to keep the electrons rolling around the 
circle, all we would have to do would be to keep 
pushing them around with a strong field. The best 
way would be to just stand in one place and keep 
giving the line of electrons a push. Every time the 
electrons try to slow down give them another push 
to keep them going. An electric current is flowing 
around an electric circuit when the electrons are 
kept going around and around. 


push on each other. The way they will look 


after we have put them in the groove and 


le drawing 
They will come to rest 


have come to rest is shown tn tl 
ot Fig. 12 


distances apart along the groove. 


at equal 
To start the electrons moving around the 
circle all we have to do IS tO give them a 
push with a strong field. This we can do 
by suddenly pushing a stick, with electrons 
fastened to the end of it, near the electrons 
in the groove. Of course, we have to “aim” 
the stick so it will push the electrons along 
the groove. If we did not aim the 
field so it would push the electrons along 
push 


strong 


the groove, we might some of the 
electrons out of the groove. 

After we have given the electrons a couple 
of pushes they will start going around the 
Soon they will begin to slow down. 
When they begin slowing down, we can give 
them another push. In this way we can keep 
If every time 
they try to slow down we give them another 


circle. 


them going around the circle. 
push, we can keep them going around as 
long as we want. 

We do not have to follow the electrons 
around to keep them going, now that we 
are using a circular groove. We have made 
a complete path for the electrons to flow 
along and come back. AIl we have to do 
now is to stand in one place and give the 
line of electrons a push every time they begin 
to slow down. To give the line of electrons 
a push, suddenly push the end of the stick 
at the line of electrons and take it away 
again. When the 
slowing down again, give the line 
push. Be 
push the electrons along the groove. It we 


quickly electrons start 
another 


careful to aim the field so you 


keep doing this, giving the electrons a push 
every time they begin to slow down, we can 
keep the current flowing around the circle as 
long as we wish. 

It is not necessary to have a circle for 
the electrons to flow around. We could cut 
a groove in a board any shape that we 
wanted. For instance, we could make it 
square with rounded corners. You have 
probably seen small toy trains and the tracks 
they have for them to run on. These tracks 
are of different shapes. But all of these train 
tracks are made so that the train comes back 
again. The train just goes around and 
around along the track. If the track did not 
come back. the train would soon come to the 
end and run off. If you wanted to keep the 
train going without having it come back 
again, you would have to make a very long 
track. That would not be easy to do. A long 
track costs too much, and we would not have 
a place to put it. 

It's the same with the 


“tracks’” we need 


tor electrons. It is best to make a track for 
them so they can keep going along and com- 
ing back. You could make a long track fos 
them but it is best to make a round track, 


or some other good shape for a track, that is 








easv to make, so the electrons can ki p zo 
ing around and around 
In the drawing of Fig. 12 we made 4 circle 
id irc 
for the electrons to k | 
I le erectrons tO Keep going around SO 
we Can Say that they keep ro ng 1 | 
"ge | ng bund 
ne Cit ¢ y lifferenr \ | 
_ a fferent word Ss used to ex 
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it. An electric circuit is any closed path that 
electric ¢urrents can flow in. 

Later it will be shown that electric circuits 
are always used for electric currents to flow 
l 


1. Electric circuits for real electric currents 
are made by using copper wires. There are 
usually two wires in an electric circuit. The 
electrons flow around the circuit through the 
wires. If one of the wires making an electric 
circuit is broken, the circuit is said to be 
opened,” or there is said to be open circuit. 
If the broken wire is again connected. the 
current can flow again. Connecting the wires 
closes” the circuit. It is often necessary to 
open or close circuits to stop or start an 
electric current. “Switches” are used to open 
and close electric circuits to stop or start the 
flow of electric currents. 


Electrons Are Not Used Up 


When the electrons go around the circuit 
shown in the drawing in Fig. 12, none of 
them are lost. If we stop giving them 
pushes, they will slow down and come to 
rest but there will be the same number of 
electrons that we had when we started. This 
is true because we are always careful to 


aim” the strong field so that none of the 
electrons get out of the groove. No electrons 
are lost in real ele@tric circuits. They speed 
up, slow down al 
changes in speed in the flow of electrons but 
none of them are lost A wire acts like a 
groove does. It keeps the electrons together 


even ston Ther ire 


Electrons 
are not used up in an electric circuit. 


and none of them can get away 


Radio Exports Increase 


Increase in exports of American radio dur 
ing April, 1933, is reported by the Electrical 
Division of the U. S. Department of Com- 
merce. The April exports were $1,510,897, 
7.861 for March 
was a reduction, however, 
exports in April, 1932, 
716 


There 
as compared with 


which were $1,875,- 


compared with $1,39 


May Excise Tax 


The Internal Revenue Bureau reports col- 
lections during May, 1933, of tl leral 
yer cent excise tax on radio and phonograph 

i 


records amounting to $110,747.70, according 
to official statement just released in Wash 
ington. The May collections on mechanical 


refrigerators were $376,188.35. 
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HI Supertone Products Corporation 
has released a new three-tube short 
wave receiver in which the 78, 43 and 
25Z5 tubes are used. This receiver is of the 
110-volt AC-DC Universal type, compact and 
portable 
The circuit diagram is shown here. Op- 
erated with a tuned “doublet” antenna in- 
finitely better results will be secured. 
A 78 tube is used in the detector circuit. 
generally recommended as a 
grid-leak detector but it will give entirely 





satisfactory service when used as shown in 
s simple receiver circuit. This receiver 1s 


f beginners. Its utmost simplicity makes 
deal for those who are content with noth- 
short of A.C. operation. The socket con- 

nections are clearly indicated in the diagram. 

he actual operating arrangement shows the 


of the 78 tube connected to its 


heater type. Therefore, the heater current can 
be either A.C. or D.C. without change in 
connections, but the positive side of the 
D.C. line (if used) should always be con- 
nected to the positive input terminal of the 
receiver. The 43 and 25Z5 tubes each have 
25-volt filaments, which draw 0.3 ampere, 
while the 78 has a 6.3 volt filament which 
also draws 0.3 ampere. When added, these 
filament voltages total 56 volts. The normal 
A.C. or D.C. line voltage is from 110 to 115 
volts and if the filaments are to be operated 
in series 55 to 60 volts must be “absorbed.” 
This is accomplished by the resistor R-5, 
which should have a resistance of 200 ohms 
and current-carrying capacity of at least 25 
watts. The proper filament voltage will then 
be delivered to all tubes, regardless of the 
normal fluctuations in line voltage. 

In this receiver the 25Z5 tube is used as 














A Doublet Antenna adds greatly 
to the performance and selectivity 
of the new Supertone Universal. 
The use of three chokes in the } 
rectifier reduces hum to a negli- 
gible degree. An output trans 
former protects the phones. 











cathode and also to the negative side of the 
B supply. 
The cap of the 78 is the control-grid con- 
tor. The screen is connected to the bias 
voltage terminal of the 43 output tube. 
( s used in this receiver are of the con- 
nal type, other than the tickler or re- 
generation winding which should have twice 


number of turns for satisfactory 








is coupled through a 


The plate output 
} 


choke to a by-pass condenser which allows 











ectified current to pass to the grid of 

¢ itput tube. The 43 is a pentode and 

gives high output for a relatively small in- 
, ge 

A pair of headphones can be connected di- 

plate circuit of 13 tube but 

current is high enough to cause 

g good pair of phones and it is 

ggested that a 1-to-1 output trans- 

used between the 43 tube and the 

s I s Pp tr stormer pre- 

s p C t from entering the 
J 

l r filament supply circuit, de- 


It will be seen, from 
t] ments of all of the 
in series and that they are of the 


ser special mention 





a rectifier on A.C. and as a valve on D.C. 
It will permit full-wave rectification on A.C, 
and supplies pulsating D.C. to the filter, 
which smoothes out the supply current and 
makes it available for noise-free plate opera- 
tion 

The filter circuit uses three chokes and 
four condensers. The chokes have an induct- 
ance of about 30h. each and the condensers 
are the 8 mfd. dry-electrolytic type. One of 
the A.C. line wires is sometimes grounded 
and therefore no direct ground should be 
connected to the receiver. The 14 mfd. con- 
denser, C-11, is recommended to safeguard 
against burn-out of the receiver if the power 
line is accidentally grounded through the re- 
ceiver WITrine. 

The set should be mounted on a small 

al sub-base with a metal front panel. The 
under side of the metal sub-base permits 
mounting of all parts used in the power 
circuit, leaving the upper “deck” clear for 

he r.f. components. The 78 tube 

shielded, otherwise detector oscil- 
| be unstable. 
One portion of the circuit diagram (dotted 
lines, marked ““X—See Text’’), shows the use 
of a conventional single wire antenna, con- 
nected to the secondary coil of the receiver 


Analysis of the Supertone AC-DC Universal Short-Wave 
2-Tuber Using 25Z5 Rectitier 


through a 2-plate series condenser which 
made from two pieces of brass or alumi- 


num, each piece about 1 inch square, 
and the two plates separated from each other 
% in. The other portion of the diagram 
shows the use of a tuned-doublet antenna 
which will greatly improve the selectivity 
of the receiver. It is the equivalent of a 
stage of r.f. amplification ahead of the dc 
tector, from the standpoint of overall per 
formance. This antenna system is recon 
mended for use with all short-wave receiver: 


List of Parts for Universal Short-Wave 


Receiver 

Al-A2—Doublet Antenna Wires, each wire 33 ft 
3-in. long. 

A-3—-Transposed Lead-in (Feeder) 2 wires, each 
66 ft. 6-in. long, transposed every 2 feet with 
Fleron Transposition Blocks. 

C-1—.0005 Condenser. (500 mmf.) 

C-2—.00014 Condenser. (140 mmf.) 

C-3—2-plate Midget. (Band-Spread) 

C-4—.0001 Fixed Condenser. (Mica) 

C-4A—.0005 Midget Variable Condenser (500 mmf.) 

C-5—0.1 mfd. 200-volt non-inductive by-pass con 
denser. 

C-6—.2 mfd. 200-volt non-inductive by-pass con 
denser. 

C-7, C-8, C-9, C-10—8 mfd., dry electrolytic con- 
densers. 

C-11—0.5 mfd. Paper Condenser, 200 volts. 

R-1—5 meg. grid leak. 

R-2—\% meg. leak. 

R-3—\ meg. leak. 

R-4—500 ohms, 2 watts. 

R-5—200 ohms, 25 to 50 watts. 

CH—25 mil., 30 henry chokes. 

T—1 to 1 output transformer. 


Coil Data for Supertone Universal 


Short-Wave Receiver 
1%-IN. DIAMETER COIL FORMS 
Coil Li—Two windings, 8 turns each, on 1%4-in. 
dia. form. This coil rests on top of second- 
ary (L2) 
1500-3300 ke.— 
30 turns 226 enameled wire. Tickler. (L3) 
56 turns 226 enameled wire. Secondary (L2) 
3100-6500 ke.— 
18 turns #26 enameled wire. Tickler. (L3) 
23 turns #26 enameled wire. Secondary. (L2) 
6200-13000 ke.— 
10 turns £26 enameled wire. Tickler. (L3) 
11 turns $20 enameled wire. Secondary. (L2) 
13000-30000 ke.— 
6 turns 226 enameled wire. Tickler. (L3) 
4.5 turns $20 enameled wire. Secondary. (L2) 
All Coils Separated 1/16-inch. 
- - 660 


Perpetual” Tube-Tester 


HE steady profession of new tubes in 

troduced during the past year has made 

practically all existing testing apparatus 
obsolete—and eight prong tubes already in 
prospect will make even the latest conven 
tional type testers obsolete. 

To meet the need for a set tester which 
will not be put out of the running entirely 
—or require expensive and radical changes 
at comparatively brief intervals—the engi 
neers of the National Radio Institute and the 
staff of the Philco Radio & Television Cor 
poration have designed and developed th¢ 
N.R.I.-Philco All-Purpose Set Tester. 

This is a tester which will defy changes 
in radio design and engineering—and be as 
good ten years from now as it is today. It 
will test any D.C. or A.C. (25, 40 or 6 
cycles)—or any battery set and their tube 
when the set is connected to the source of 
supply. This tester goes back to funda 
mentals, and provides for the isolation of the 
defective circuit and quick detection of the 
defective part. Point to point voltages analy 
sis can be used or total chassis analysis by the 
point to point resistance method is possible 

The tester is entirely self-contained, and 


despite its versatility and completeness, the 


total weight when going on the job is only 
12 pounds. 
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HILE the operation of the Crystal- 

Filter Super is essentially single-dial 

control, nevertheless there are several 
points which require careful explanation be- 
fore the layman or even the experienced 
amateur can be sure of obtaining maximum 
results from the receiver. 

The points of aligning and adjustment will 
be taken up in their proper order, from the 
time the receiver is completely wired until it 
is ready to operate. 


ALIGNING INTERMEDIATE AMPLIFIER 


HE first adjustment is to get the if. 
stages aligned with crystal frequency. 
This is best done by setting up the crys- 
tal to be used in the receiver in a simple 
crystal oscillator circuit as shown in Fig. 1. 

This is nothing more than a simple crys- 
tal control transmitter, working on a fre- 
quency of 520 k.c. A wire connected to the 
terminal marked ‘Output’ is _ loosely 
wrapped around the grid lead to the second 
i.f. stage tube, and after the crystal oscilla- 
tor is brought into resonance, the trimming 
condensers on L6 are adjusted until there is 
a decided “hiss” in the speaker. The wire 
from the oscillator “Output” terminal is then 
moved over near the grid lead to the FIRST 
I.F. tube and the same process repeated, un- 
til the “hiss” in the speaker is at its loud- 
est. At this point in the adjustments, the 
BFO is turned on and adjusted to the hiss 
for “zero beat.” All of these adjustments 
are made with the crystal out of the receiver. 

The crystal is now removed from the test 
oscillator and inserted into the receiver in 
the proper socket. The coils are placed in 
the r.f., detector and oscillator sockets and 
the receiver tuned to a fairly weak signal. 
With the crystal shorted out of the circuit, 
the final adjustments are made to the i.f. 
trimmer condensers for maximum signal 
strength in the loud-speaker. The crystal is 
now placed in the circuit by opening switch 
S-1, and the volume control turned up to 
compensate for the loss in gain of the re- 
ceiver due to the series connection of the 
crystal in the i.f. filter circuit. The received 
signal is then tuned-in on one side of zero 
beat about 1,000 cycles and the phasing con- 
denser C13 is then adjusted until the signal 
is at a minimum, or completely disappears. 
The receiver is then completely adjusted for 
true single-signal reception, and the back- 
ground noise will be very low while the 
signals will be quite high in comparison. 

The most important point in making these 
preliminary adjustments is to get the inter- 
mediate frequency transformers right on the 
“nose” with the frequency of the crystal. It 
is suggested that an output meter be used 
across the speaker terminals of the receiver, 
if the owner has such an instrument handy. 
However, the method outlined above will, if 
care is exercised, bring about equally good 
results, 

The trimming condenser C14 across the 
secondary of the first i.f. transformer will 
act as a selectivity control and can be set to 
give any desired degree of selectivity re- 
quired, the most selective position naturally 
being when the circuit is in resonance. 

It is particularly stressed that the i.f, 
transformers be aligned prior to placing the 


4... 


Operation of ‘Radio's’ Laboratory 520KC Super 


By RICHARD C. BARRETT 





COIL WINDING DATA 
160 Meters 
= fink Detector Oscillator 

RF Coil, L1 Coil, L2 Coil, L3 
Secondary Grid Wind- 
55 Turns +24 ing 45 Turns, 
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DSC, "si Sanne re . DSC, ; 
wound. As LI close wound. 
Primary Plate Wind- 
10 Turns #30 ing 18 Turns 
DSC, close #30 DSC, 
wound. close wound, 











crystal in position, because the extreme 
sharp-selectivity curve which the crystal 
places into the i.f. amplifier so overshadows 
any individual selectivity of any particular 
stage of i.f. that the results will be mislead- 
ing and will not appear as true operation. 


R.F. Detector and Oscillator Coils 


HE plug-in coils, if wound according 

to instructions, will automatically line- 

up properly. Any inconsistency can be 
corrected either bv “pruning” the coil or with 
trimming condensers on the tank tuning con- 
densers C2, C4 and C6. These tank con- 
densers should tune approximately together 
over the full dial range, and although there 
will be found two spots on the settings of the 
oscillator tank condenser where the same 
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signal will come in, the spot which cor- 
responds to the setting of the r.f. and det. 
tank should be selected. 

Best procedure is to set these tank con- 
densers to the center of the band desired, 
whereupon the main tuning control will give 
full band-spread over the whole dial, or 
fraction thereof. 

Output 

HE output is arranged to work into the 

primary of any input transformer on a 

dynamic speaker, or directly into a 
magnetic speaker. Where headphone recep- 
tion is required or desired, an adequate out- 
put transformer with a_ step-down ratio 
should be used in this position between the 
output terminals and the headphones. 

Due to the peculiarity of the construction 
of the 2B7 tube and the associated circuits, 
it is impossible to plug-in headphones in the 
second detector circuit; therefore the need of 
the special output matching transformer to 
cut down the volume level to a point low 
enough for headphone reception. 


Next month will be shown how to add 
Automatic Volume Control for phone recep- 
tion, along with several other additions mak- 
ing for improved performance and greater 
sensitivity of the receiver. 


Some Considerations in the 
Design of High-Power Stages 


(Continued from Page 7) 


This condition can probably be completely 
remedied by the use of primary or grid-block 
keying. C bias can be obtained from an 
eliminator if batteries are not feasible. The 
same eliminator is used to furnish bias to 
all stages in the writers station, and while 
not equal to batteries from the standpoint of 
safety, is much superior to the use of re- 
sistance bias, whose margin of safety is 
questionable. 

A unit of the type described in this ar- 
ticle has been in constant use for the past 
year and has given extremely satisfactory 
service. Inputs in the order of six hundred 
watts with all tubes in the transmitter run- 
ning cool (on both 7 and 14 Mc bands), 
mutely attest the advantages of a compro- 
mise design. 


Patterson Receiver 


(Continued from Page 22) 


band-spread curve. The band-spread con- 
denser has 5 Mmf. capacity at 40 degrees, 
and at 100 degrees has 23 Mmf. This allows 
a nice spread of any desired band. The 40- 
meter C.W. band covers 85 points. 

The automatic volume control functions at 
all times and is of the delayed type with 
just sufficient delay so that there is no great 
swing between dots and dashes of C.W. 
communication. The beat oscillator current 
also helps to keep the A.V.C. action slower. 
On fone signals it is sufficiently fast, how- 
ever, to hold a 20-meter fone station steady 
from R3 to R99 plus. 
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Input circuit diagram of Amateur Model. 

The 6 section switch changes all coils shown 

for the different frequencies. Only one set 
of coils are shown on the large diagram. 











On the broadcast band the set will cut 
about 7 k.c., and is sufficiently sharp to tune 
the carrier out of a broadcast station. Al- 
though the high’s are missing in the music, 
everyone who has heard the set comments on 
the fine tone quality. The variable condenser 
used is of 300 Mmf. total capacity. This 
may seem rather small to the ordinary user, 
but it will give a better coverage of the 
broadcast band with very little lee-way on 
either end of the dial. The police stations 
are received on the 75-200-meter band, per- 
mitting use of the complete 0-100 rotation 
of the dial for the broadcast portion. 
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F cost were no consideration, all engineer 
g questions would be decided purely on 
basis of technical merit. Cost, how- 
eve s almost always a determining tactor 
tact which has considerable influence on 
he choice of microphones for many put 
Until the present time, the higher 
( of the condenser type transmitter has re 
ed in the placement of two-button Cat 
bon microphones in innumerable installations 
where the condenser microphone would have 
produced far superior results 
The recent development of a quality con 
i er microphone in the same price bracket 
the be two-button carbon type instru 
ents, now makes if possible to base micro 
phone selection on the particular features of 
ct lividual sound installation 
Both condenser and carbon microphones 
ve been known since the early days of the 
e art. Each possesses definite advan 
ges ana disadvantages due to the widely 
tt basic principles. As a result, each 
t y well defined though overlapping 
1 of application. The purpose of this at 
» compare the characteristics and 
features of each type as an aid to the sound 
engine the selection of the proper micro 
[ é 


Operating Principles 


The carbon microphone depends for its 
perat on the varying resistance of a Car 
element or button cell in accordance 
sound pressure against the dia 

| £ A local battery causes current to 
flow ugh the carbon element. As the 
{ ’ the diaphragm fluctuates due to 
t Waves n the ait correspone Me 

fl s in resistance occur in the carbon 
\ s cl ges the battery § current 
é t The resulting current 

( sidered as the sum of a steady 

é plus 1c. component 

¢ cal rep! ca of the sor id 


Usually this current 1s 
flow td uugh the primary of a 
variable component pro 
g speech voltage in the 


i 
which iy De impressed on the 


, 
gle-buttron and the two 


pu type. The conventional 

s somewhat similar to 

‘ Dut C opho € S called be 
| ) r] b mn 

s only a single carbon 


CONDE 
vs. IWO-BUTTON 
MICROPHONES 


NSER 





composed of several thousand small gran 
ules which are specially prepared from a 
selected grade of anthracite coal by a compli 
cated process involving heating and screen- 
ing. These granules are confined in a cup 
like chamber resting against the center of 
the diaphragm, As the diaphragm moves in 
toward the button, the granules are com 
pressed thus reducing the resistance and in 


When the rare 


facuon or low-pressure portion of the sound 


creasing the current flow 


wave reaches the diaphragm, the diaphragm 
moves away from the button and reduces the 
pressure on the granules. This increases the 
resistance and causes the current to decrease 
through the circuit 

The two-button microphone likewise op 
erates by changing circuit resistance but 
there are two carbon elements, one on each 
side of the diaphragm. These elements op 
erate exactly out of phase, thus providing an 
push-pull 
which all the even harmonics generated in 


electroacoustic arrangement in 
the microphone itself cancel out, if the cit 
cuit is reasonably well balanced. A trans 
former with a primary center tap is of course 
necessary to complete the balanced circuit 

The special advantage of the push-pull svs 
tem lies in the fact that it at least partially 
corrects for the non-linearity of the sound 
pressure-current characteristic. This is almost 
exactly analogous to the case of push-pull 
vacuum tubes which may individually operate 
on somewhat curved characteristics without 
appreciably distorting the output. Naturally, 
no such eftect is possible with the single 
burton microphone 

High grade two-button microphones are 
provided with air-damped stretched dia 
phragms in order to obtain a uniform or flat 
transmission - frequency characteristic. The 
metal diaphragm will resonate at a certain 
frequency determined by its mass and tension 
just as the pitch of a musical string depends 
on its size and the extent to which it ts 
stretched This diaphragm resonance in- 
creases the output of the microphone at the 
resonant frequency and introduces a peak 
into the response curve, Causing Over-empha 
sis of that portion of the musical scale or 
Consequently, it is necessary to 
stretch the diaphragm until the resonant fre 


quency placed at the uppel end of the 
audible frequency range. The amplitude of 
the resonant peak is reduced by air damping 


This is accomplished by providing a damp 
i 


ing plate placed very close to the diaphragm 





The air space next to the plate cushions the 
diaphragm and contributes a mechanical re 
sistance which has the effect of extracting 
energy from the diaphragm when vibrating at 
high frequencies. The result is similar to the 
effect of introducing resistance in an elec 
trically resonant circuit 


It is obvious that the output level of a 


i 


carbon microphone depends on the ampl 
tude of vibration of the diaphragm. The 
stretched diaphragm of the two-button micro 
phone limits the motion to rather small ex 


cursions and hence the microphone output 
This is compensated 
by additional gain in the amplifying system. 
On the other hand, the diaphragm of the 


single-button microphone is arranged to per- 


level is relatively low 


mit considerable motion since the device is 
intended to produce relatively high output 
levels, The low diaphragm tension, however 
places the resonance well down in the fre. 
quency scale so that the fidelity characteristic 
is inferior to that of the stretched diaphragm 
type instruments. 


[he condenser microphone operates on a 
radically different principle. If a condenser 
of varying Capacity is connected to a source 
of potenual, the charging current will vary 
in accordance with changes in capacity. The 
diaphragm of the condenser microphone con 
stitutes One of the plates of the variable con- 
denser, while the back plate, which is Sepa- 
rated trom the diaphragm by a film of air 
about one one-thousandth of an inch thick, 
acts as the other plate. The condenser micro- 
phone is in reality a variable air condenser, 
the capacity variations being produced by the 
changing distance between the diaphragm and 
the back plate as the diaphragm vibrates in 
response to the sound pressure fluctuations 
before it. The capacity of the condenser thus 
formed is approximately 200 micromicro 
farads and the maximum variation in capa 
city is Only about 0.01 per cent. Once the 
condenser is charged,sno current will flow 
in the circuit as long as the capacity remains 
constant, If the capacity increases, the con 
denser will be capable of holding a greater 
charge, and a charging current will flow until 
the greater charge is accumulated. Similarly, 
the condenser must lose a portion of its 
charge if the capacity decreases and this pro 
duces a flow of current in the opposite di 
recuon until equilibrium has been estab 
lished. Due to the minute changes in capa 
city which take place during the normal op 
erauon of the condenser microphone, the 
variable charging currents which flow are 
extremely small, with the result that the 
condenser element itself has a very low or 
der of sensitivity as compared with other 
microphones, Obviously, the lower output 
must be compensated for by the use of addi 


nonal amplification 


For a number of reasons, it is not feasible 
to lump all of the necessary gain in the 
main ampliher of the sound system. In the 
hirst place, if is not practical to transmit 
such minute currents as are produced by the 
condenser element over lines of any appre 
ciable length due to the probability of in 
ductive interference. It is thus necessary to 
amplity the signal level close to the point 
of origin so that any stray interference will 
be negligible. Secondly, the capacity shunted 
across the condenser element must be kept 
down to an absolute minimum or the output 
will be reduced and the higher frequency 
components highly attenuated. The most 
practical solution of these difficulties is to 
incorporate an amplifier as an integral part 
of the microphone assembly. As a result, the 
connecting leads between the element and 
the grid of the first tube are only a few 
inches long at most and the lead capacity and 
exposure to noise field are practically elim- 
inated 

The head amplifier consists of one or more 
stages with sufficient gain to bring the sig- 
nal level up to approximately that of a two- 
button microphone. Batteries are usually 
employed as the source of the polarizing 
voltage for the condenser element and for 
filament and plate supply for the amplifier 
tubes. This is to obtain the ultimate in quiet 
operation, although by careful design and 
the use of heater-type tubes, it is possible to 
construct a satisfactory power supply unit 
operating from the A.C. line. It is not nec- 
essary that the batteries or power supply be 
located close to the amplifier; the usual prac- 
tice is to locate them out of the way, con 
nections to the amplifier being completed 
through the same multiple-conductor cable 
which carries the amplifier output line. The 
final stage of the head amplifier is provided 


a 
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with an output transformer, Frequently the 
secondary of this transformer is wound in 
two sections which may be paralleled for 50 
ohm output or seriesed for 200 ohms, both 
of which impedences are frequently encoun- 
tered in mixer or speech-input circuits 

The condenser microphone diaphragm is 
made of a special alloy metal approximately 
one one-thousandth inch thick, which is 
thinner than the material used for carbon 
microphones. This provides the optimum 
combination of sensitivity, uniform frequency 
response and mechanical strength. The prin 
ciples of air damping and stretching have 
already been discussed in connection with 
the two-button microphone. 

With these principles in mind, we can 
now proceed to compare the two types of 
microphones as to characteristics which have 
a bearing on the selection of the most suit 
able type for the sound system, 


Output Level 


Most high quality two-button microphones 
produce on the average an output level lying 
between -30 and -50 db when operated un 
der the usual pickup conditions. For the 
purposes of this article, the reference level 
is assumed to be 6 milliwatts (0.006 watts) 
The output level, however, depends on the 
condition of the buttons, on the button cut 
rent and, of course, on the actual value of 
the sound pressure 

As explained previously, condenset micro 
phone amplifiers are usually designed so that 
the output of the transmitter-amplifier sys 
tem is about the same as for the two-button 
carbon microphone. In some cases, sufficient 
gain is provided to raise the output level 
above that of the carbon type transmitte: 
A representative value may be taken as -30 


db. 
Fidelity 


The response curves of high quality con 
denser and two-button carbon microphones 
show practically negligible differences in tre 
quency characteristic This is largely due to 
the face that stretched, air-damped dia 
phragms are employed in both types of trans 
mitters 

Frequency characteristic Curves on micro 


The 


(Continued trom Page 15) 
latter type of modulation has been found to 
be very satisfactory, and if properly con 
structed and adjusted the above-mentioned 
troubles can be eliminated. 

Modulation methods that vary the direct 
current input to the radio-frequency ampli 
fier tubes can be operated on either the rf. 
tube’s grid (grid modulation); its screen 
grid (screen grid modulation); its plate cit 
cuit (plate modulation), or a combination of 
either the grid and plate, screen-grid and 
plate, etc. 

Grid modulation is accomplished by vary 
ing the mean grid bias on the tube and thus 
affecting the plate resistance and the power 
output of the tube. The mean grid bias on 
the tube is varied by impressing simulta 
neously, on the grid of the tube, both the 
radio-frequency input wave and the audio 
frequency impulses from the speech ampli 
fier. The audio-frequency power require 
ment is relatively low, but the relation be 
tween grid-bias variation and radio-frequency 
output is linear over but a small part of a 
tube’s characteristic curve, with the result 
that distortionless modulation is limited to 
approximately 35 per cent when using a 
+$- —E 
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phones seldom portray the true performance 
under working conditions, There are a num- 
ber of reasons for these discrepancies. Tests 
are generally made under standard acoustic 
conditions and these conditions are almost 
never duplicated in actual practice. For in 
stance—the results obtained from measure 
ments when the microphone and sound 
source are located in an acoustic transmission 
line or ‘tunnel,’ would hardly hold for the 
case of a microphone located in free space. 
It is never possible to assume that a variable 
frequency sound source of constant pressure 
will deliver a constant sound pressure at the 
microphone diaphragm, for reflection, ab 
sorption and resonance due to surrounding 
acoustic conditions always introduce an un 
known element. It should be remembered, 
however, thac the human ear, if it were 
located at the pickup point, would likewise 
sense the effects of the acoustic conditions, 
so that these facts in no way imply improper 
functioning of the microphone itself 

The single-button microphone is intended 
for applications where high output is more 
important than a uniform frequency response 
The response range is much more restricted 
and there is usually a diaphragm resonance 
peak rather low in the frequency scale. Hence 
the device is suitable in connection with 
headphones which in themselves are not ca 
pable of wide range reproduction, but would 
not be satisfactory on high quality systems 


for loudspeaker reproduction of music of 
voice 
Noise 

All carbon microphones produce some 
hiss’ or carbon noise In well designed 


microphones the hiss” has a very low level 


but it is always present to a greater or lesser 


degree Part of the noise is due to thermal 
agitation inside the carbon granul but the 
vreatest nose di turbances ire caused by 
local heating where the granules are in con 


tact. As current passes through the button 
some heat 1S produced which tends to drive 
gas out of the more or less porous surface 
of the granules. This results in random va 


riations in the resistance of the button, giv 


ing risé to a non-periodic noise. This noise 
lies principally in the upper portion of the 
frequency range 


A-B-C ot Modula 


single modulated ampliher. However, if two 
tubes are used in the modulated r.f. stage 
and biased to operate under similar charac 
teristics to a Class B audio power output 
Stage, great power can be obtained with dis 
toruonless modulation in excess of 100 per 
cent. (This system will be discussed at great 
length in the fourth article of this series) 

Screen grid modulation is accomplished by 
varving the mean potential of the accelerator 
grid of tetrode transmitting tubes. It is very 
much similar to grid modulation in its char 
acteristics, but greater power 1s required for 
the speech amplifier and the relation between 
the screen voltage and power output is not 
a true linear curve. However, with a screen 
grid r.f. amplifier tube, excellent modulation 
characteristics can be secured by using a 
combination of both screen-grid and plat 
modulation by the Heising Constant Current 
System. (This will be discussed in the third 
article of this series.) 

Finally, we have plate modulation. This 
is accomplished by varying the mean plate 
potential of the modulated r.f. amplifies 
Parallel plate modulation, or constant cut 
rent modulation (better known as Heising 
modulation), is the most commonly used of 


The condenser microphone is almost en 
tirely free from background noise, for there 
are no variable contacts such as those in the 
buttons of the carbon transmitters. The 
principal sources of noise in the condenser 
microphone are found in electrical leakage 
between back plate and diaphragm, dirt ot 
foreign matter in the air gap, thermal agi 
tauion in resistors in the amplifier circuit 
and tube noises. By careful design, the noise 
level may be reduced to a value far below 
that of the carbon microphone. This is one 
of the principal advantages of the condenser 
microphone, and is a feature which has been 
responsible for the widespread use of the 
instrument in sound recording work 


Permanence of Calibration 


For many purposes, such as in acoustic 
measurements, it is very important that the 
transmission characteristics of the micro 
phone remain constant over long periods of 
time While the two-button carbon micro 
phone has been deve loped to a high state of 
perfection the inherent nature of all loose 


contact devices results in some degree of in 


stability. Under certain conditions, the gran 
ules may cohere with consequent reduction 
in the resistance of the button ind los of 
SENSITIVITY Excessive current may Cause 
burning of the diaphragm or granules with 
attendant los of sensitivity The carbon 
granules also tend to age with use mani 
fested by in imcrease of resistance and loss 
of sensitivity. Aging is due to abrasion of 
the surface of the granules or a relative di 
placement of the particles due to vibration 
or mechanical shock 

[he condenset microphone I not subject 
to any of the above hortcoming ind re 
tains its ensitivity and frequency response 
characteristics over long periods of tum«e 
Aging of the tubes of course modifi the 
amplifier gain but this take: plac so slowly 
that it 1s not of importance It might be 
mentioned that special compensation fot dit 
te neces in barometric pressure 1s ¢ sential in 
maintaminyg the separation of the diaphragm 


and back plate constant under all condition 

In well designed condense microphones thi 

feature results in equalization ot the normal 
(Continued on Page 44) 


tion ‘ 


types of modulation system It has the 


al 
great disadvantage that the speech amplifies 
must Operate at a very high volume level and 
the modulator tubes must have exceptionally 
high undistorted audio power capacities. The 


tubes a 


e very expensive, and here lies the 
greatest disadvantage of plate modulation 
Since the advent of Class B audio systems 
the cost of tubes for the same power 15 
greatly reduced, but the increase in the cost 
ot Class B audio transformers and compo 
nents (not to speak of the inherent instabil 
ity and lower quality of Class B) has not 
eliminated the disadvantages of plate modu 
lation. Don't be misled, however, because 
plate modulation has its many advantages 
such as high quality (when properly ad 
justed), high carrier output and great sta 
bility 


Modulators and Modulated Amplifiers 


N explanation of Class A, Cla B and 
Class C amplifiers is t 
A amplifier is one that operat 

that the plate output wave is essentially the 


same (except in amplitude) as the exciting 


(Continued on Page 1) 
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| Circuits-and Descriptions of Factory Receivers 
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Sparton Model 43 


i, Police Auto Receiver 


tipo model is designed especially for the re- 
ception of police signals and was designed from 
practical experience with police and sheriff’s de- 
partments. Sparton is the most widely used po- 
lice receiver. They are of the trf type, as this 
circuit has proved more reliable than superhetero- 
dynes for police automobiles. Road and weather 
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pial are biased to permit low “B” consumption. 
® oo Tubes used: 3 type 39, one 36, one 37, one 38. 
; : pe ||| Battery drain at 6 volts; tubes, 1.8 amps.; dy- 
? Rly aes SHS namic speaker, 0.7 amp.; “B” eliminator, 2 
Bede 4 mamanancry amps.; total, 4.5 amps. 
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YF wit tsa: G y | fe HIS receiver combines standard broadcast and 
: /* ‘ — J police reception and employs the new Philco 
' 9%) pene - ; tubes with pentode output. The same superhetero- 
§ | dyne circuit is used for standard broadcast and 
16 | police reception. The intermediate frequency for 
. | | tuning the I.F. transformers is 460 KC, The power 
| consumption of the receiver is 46 watts. It uses 
5 | | the following tubes: 77 detector-oscillator ; 77 
f Ta 3 > peas % criti second detector; 42 output; 80 rectifier. 235 volts 
o~ | | pees 4 j on the plate of the power tube. 6.3 volts for all 
} =. ls FA FD) @ | tube filaments. 
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5,000 G3 Ae Ot Bo Majestic Model 116 
=. ° 
wo Ce Auto Radio 
)_ 240,00 THE CIRCUIT—The Majestic Model 116 is a six- 
4%, tube superheterodyne with dual operation of two 
J AWI8T WOUN of the tubes. The tubes used in the various stages 
are as follows: First detector and oscillator, G- 
Nom (A)—T « it . 57A-S; first intermediate frequency amplifier, G- 
58A-S; second intermediate frequency amplifier, 
G-58A-S; second detector and first audio frequency 
- — — _ a s amplifier, G-75; output audio amplifier, G-89; and 
— an |_Fiausee 7] full-wave rectifier, G-6Z5. For protection to the 
pore — + radio receiver and the car battery against any pos- 
Scnematic Diagram or o= 23 Tz soe sible damage due to shorts or grounds, both the 
a +e -¥s-ss tate, primary circuit of the “B’’ supply, and the tube 
Mavestic Mopet 66Automopi_te ReceEIVER (ays 43 [ores] filaments and field coil circuit have a ten ampere 
fuse in series with them. These two fuses are 
AGAns LIek mse a RE SITONS located on the control unit. 
305 16565 
3 G6E7 G-6A7-S G-6£7 G-6C7 G-89 eee ego AUTOMATIC VOLUME CONTROL—It is equip- 
} : ¢ y eT B.9-£50.000 ped with an automatic volume control system which 
aS) of @.... : er gS af €¥ yoy tf) = Re— 100.0 Seeerryeys does away with blasting and fading. 
Sarees “i. a | ae” . : ma 2500 wr S000 This is accomplished by the space current drop 
¢ * 38 ¢ ° Je-§ SB Se et a v. i Re 0,000 Ae — 1,000,000 ~ . : 
+ | ee S68. & AREA SE ¢ a l P of the G-75 diode detector plate circuit across a 
bi amie — Tf i) YF 7 1 TT : CONDENSERS resistor, the negative potential of which is applied 
ra {= oa) & | . {r< ie + ons] Lits os ‘hy «4 i 4 to the grid of both the intermediate frequency am- 
sie 2 Ae oo Bie ri i s sf) me i = o=—-Ss plifiers to control their amplification. 
ee ee tr |<: | -~_ by ~ 4 oe THE DURO-MUTE POWER SUPPLY—The 
++ ++ Mt ie t jms Sl } < Eo Caa— a0025 Duro-Mute Power Unit is composed of a transform- 
hs] yecet yc , com epee le tad er and a vibrator assembly unit which supplies 
- . + + » i %d heated l ag m + Aeon 4 the high voltage necessary for the efficient opera- 
lh te * A Cz— 0 car—.t tion of the receiver. 
peagred sever ii 4 cis— 25 cze—.5 E 
pikes ia jt > . 4 sea <4 3-1 The efficiency of this assembly is greatly in- 
od + ey 3 G-6Y5 f ast creased inasmuch as the vibrator assembly unit it- 
1 Gaovvoe ses T TJ self is mounted directly over the transformer and 
ot SO + - + eg tT + > receives its magnetic impulses from the core of 
“ —_ * or key ++ sp (3 the transformer making it unnecessary to provide 
otis >. ofa" ) 4 additional excitation for the vibrator, thereby in- 
oereee ocael) creasing its percentage of efficiency to a high degree. 
. —y ai ° The vibrator is so designed that when connecting 
ut <= to the battery, it is not necessary to consider the 
| ’ GRiGSBY- Grunow Co polarity of the battery of the car in which the radio 
a . panied oar eae is to be installed. 








A special rectifier tube is employed in the recti- 





fier system and is of the 6.3 volt heater type. 
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Technical Data On Model 66 
Majestic Auto Radio 


HE circuit is largely conventional but has some 

unique features. It is a superheterodyne using 
an intermediate frequency of 175 K.C. The circuit 
sequence is as follows: One stage of tuned radio 
frequency amplification, composite modulator and 
oscillator, one stage intermediate frequency am- 
plification, diode detector, one stage of low level 
audio amplification followed by the power output 



































re- stage. Full automatic volume control on three tubes 
rom is obtained resulting in an excellent characteristic 
de- with respect to input signal voltage. 
po- DELAYED AUTOMATIC VOLUME CONTROL 
this The audio detection and Automatic Volume Control 
pro- are obtained from the diode circuit by the “delayed 
her rectification method”. In this method the diode 
.F. plates operate at somewhat negative bias so that 
del no A.V.C. results until a certain signal level has 
miy been reached. This results in much higher outputs 
iver at low signal levels than in the ordinary methods 
dis- of A.V.C. since the set is left in its most sensitive 
rity condition until reasonable power output has been 
and obtained. In the old methods of A.V.C. any input 
and signal at all starts to decrease the sensitivity of 
hen the set. 
ra- TUBES 
pils The G-6E7 used as a radio frequency and an I.F. 
ids. amplifier is a screen grid tube of characteristics 
or somewhat similar to the type G-58 used in home 
the receivers. It is spray shielded and the spray is 
ver connected by itself to one of the prongs of the base. 
bes This allows the shield to be directly connected to 
ground rather than to the cathode as heretofore. 
38. This is a definite advantage since when the spray 
dy- is connected to the cathode it must be carefully in- 
2 sulated from the chassis pan in most cases, due to 
the fact that the cathode is not operated at ground 
potential. 
The G-6A7S used in the composite detector-oscil- 
— lator position is the new Pentagrid converter re- 
cently developed. This tube presents definite ad- 
vantages over tubes previously used in this serv- 
ice, in that the automatic volume control may be 
allowed to operate on it, thereby allowing a far 
better degree of control than heretofore. . 
The G-6C7 is a double diode triode similar to the 
G-55 and G-75 types but having an amplification 
factor intermediate between them. It has the 
nd advantage over the G-55 of having considerably 
Ico more gain and has none of the power handling de- 
ro- ficiencies of the G-75. 
nd The G-6Y5 rectifier tube is a full wave, spray 
for 


shielded, mercury vapor rectifier. Its use ma- 
terially cuts down the amount of high frequency 
interference between the “B” supply and the re- 
ceiver. 
“B” SUPPLY 

The MAJESTIC Duro-Mute vibrator as used in 
the Model 116 series has been re-developed and en- 
larged to handle adequately the power demands of 
the receiver. 


The vibrator head and transformer are enclosed varied. At a voltage of 500 volts, the resistance 
- y ] 
Scn DIAGRAM [ Fra. 175 
bana sms } nlite 4 
“Saw MAJESTIGCMODEL1I6-AUTOMOGILE RECEIVER [mvsons [onal none | 
| G- 5TAS ;- 5SBAS ;-5BAS G-75 G 8&9 cot ll Tel el 
. ~~ at ° : aa OF has 2 
1 @:2. & ©. O.¢ 
| | 4 > ‘eed 
| re => i } + oy Ky lig 
pas aeit. a > e? »¢ -? + ae she 8 COHVENSER VALUES j 
4 ei ° an 3 3 ww MD) oe ot 
Phos tis + 38+) SBR) 4 REO ~. 2 ao | 
g os | oO 4 + +o+ ote + , ~ on 2-03 C13 ~.005 
4-9 4 + 9 2 at . 3s > > oS Cw or 
T a ’ . < a5 Cs 3 
ap fipce pce ‘| a4 | ’ ‘ s—s to-48 
| t bs eu« . e cre | 
7 were ee © * 7? 7 ’ 7~* + 1 oe a | 
+ nS o-—+ .. 5-4 a— .0 
| Rio we 3 ‘ co .03 wo .5 | 
Cm .Ot t ° 
| $3 * e Co 0005 m 0 | 
* attend . . ' 
' ‘ ' 
ns RLSLOTOCR VALUES 
| "ee Oruns "Ne mie 
| 675 v @ weo Re — 30000 
| cr ?-? ° >a > > Led woo ae 8000 
° £00 99000 
é i E > ») bd » saaiens # — 200 ®e ~ 250000 
Coe B+ a+ y ws 50 ms 500 
? 4 2 By oo oe on Sonees on ranen 
r 7 a - Re — 99,000 ¢ reine 
+ tht + BODGE + Re . 3 
rae ? 
° ; ae « we - 
¢Secance ? ce Gut m1 (5) 
Ss r r * ad > Ris 
= - SLE wore we oy | - cae ia i: . 
{hn ET Ee abt-O: res od 
— AEP ans. OY HHEM Sig. o . 4 Cty 
es Pe QuTae sme +3 $ Ce sig s ~~ + 
4 wv v 
aTYTT y Ca@ut ¢ r vo ~ t mT wo. | 
e | 
GRIGSLY | 


in two rectangular cans with a one-quarter inch 
thick sponge rubber between them. These cans 
serve as a double electrical shield and the rubber 
insulation serves to dampen the mechanical “buzz”’ 
to a negligible level. All parts and circuits asso- 
ciated with the eliminator are completely shielded 
from the radio set proper by the use of partitions 
and covers. 

On earlier receivers using interrupter “B’’ sup- 
plies, it has been necessary to protect the vibrator 


during the starting period when arcing is pre- 
valent by the use of spark gaps, relays, or other 
trick devices of this nature. There are definite 
disadvantages to all of these methods. The power 
supply system used in the Model 66 overcomes this 
difficulty in a unique fashion. A special resistance 
unit is shunted across the secondary of the output 
transformer. This has the property of changing 
its resistance as the voltage applied across it is 
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is approximately 500,000 ohms, while at 2500 volts, 
the resistance decreases to about 2500 ohms. In 
this manner the exceedingly high peak voltages 
which occur during the starting period of operation 
are effectively reduced, since at these voltages the 
unit is low in resistance. After the receiver is in 
an operating condition and drawing its normal 
load, the peak voltages are low and the unit pre- 
sents a very high resistance to the flow of current 
through it. 
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OU go up the Yangtse River 600 miles 

~ from Shanghai. The Yangtse is quite 
a stream; even away up at Hankow it 

is a mile wide. Then you take a_ small 
steamer up to Yo Chou and on into Tung 
Ting Lake. You cross the lake—about forty 
miles. Then you take a still smaller boat up 
the Changsha River about forty miles. You 
finally come to Changsha with its surround- 


vo ings of low hills. You will go out to “The 
es Island,” sometimes spoken of: as “Yale in 
4 China.” By now you are away back in the 
r, Province of Hupeh. Look it up on a map; 
cy and when you see how far you are from the 
” safe haven of Shanghai you won't be tempted 
s- to spell it “Whoopee.” 

he Here there is a mission where the Chinese 
o } are taught one of the countless ways of get- 
re ting to Heaven. The Chinese have a well- 


worn path of their own that they have been 
p- using for thousands of vears but we Amer- 
icans are determined to show them some of 
the new trails we have blazed. Nobody has 






4 come back from Heaven to report which of  flea-power fone set (using a 47 crystal os- we dee “sou 
od the many trails is the best. However, each cillator and a 46 amplifier, modulated by a ham had to travel four days by train anc 
Re trail-blazer sincerely believes that his is; and 227 followed by another 46, all with cur- One by plane, followed by two days of hard 
_ he backs his conviction with zeal and work rent from two 6-volt batteries), he has held 801ng by motor car over old camel trails. 
n- and self-deprivation that brings the mission- successful voice conversation ‘all over China, The journey was uneventful except for the 
Z ary himself, at any rate, closer to God. In Graham last winter had an interesting ad- trifling incident of getting stuck in the snow 
» this mission resides and labors one Harold L. venture. He is one of the few amateurs who on a mountain pass 13,000 feet above sea- 
Graham, a cultured and versatile American, dislike to talk in the first person. But he level. On arrival at Ko-Ko-Nor the posi- 
;. who is known widely to radio amateurs as_ did give an outline of the occurrence to Mal- tive and negative high-tension leads were 
d ACOGH. colm and Malcolm is permitted to relate the found reversed, a transformer burned out, 
of Now take a mental voyage in another di- story. We'll let him tell it in his own the antenna so arranged that it couldn't have 
7 rection from Shanghai. Sail 500 miles north- words. functioned anyway, and the set haywire in a 
P. ward in the Yellow Sea to the Shantung Pen- Dr. Malcolm speaking: few other departments. The set really was t 
Pa insula. Around the point of this land and “An American company in Shanghai sold in no worse condition than the goal re- 
a about 80 miles in the direction of Peking a transmitter and receiver to the Chinese served by the Chinese general for radio 
. you come to a bay and the city of Chefoo. Governemnt for use in far-off Ko-Ko-Nor, experts. 
- Here dwells another well-known amateur, in Thibet, where there was fighting in prog- “Graham virtually rebuilt the station. 
Dr. William Malcolm, AC3MA, who has __ ress between the Chinese and Thibetans. The (Continued on Page 41) 
_ 5. a 
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4 AC9GH-—2y COL. CLAIR FOSTER 


been for years the port physician of Chefoo. 
In several notable crises AC3MA has been 
Chefoo’s only contact with the outside world. 
I have copies of letters of grateful apprecia- 
tion writen to Dr. Malcolm by high officials 
of the British, French and other govern- 
ments. In due course RADIO will give 
you the story of this Canadian doctor who 
converses by radio with his many friends in 
various parts of the world when he is not 
ministering to suffering humanity. 

One of his friends (and mine), is Graham, 
AC9GH. Graham has been in radio only 
about five years. He entered the game 
through reading of Malcolm’s working the 
Portuguese cruiser, “Adamaster,’” at 1200 
miles by keying the howling oscillations of 
his receiver. Graham, through this outstand- 
ing performance of Malcolm’s became the 
first missionary “ham” and the first amateur 
to get on the air in the interior of China. 
With his low-power CW set he has worked 
40 countries and all continents. With his 


= 
— 


manufacturers sent an engineer with the out- 
fit to put it into operation. This man was 
unable to make the transmitter function. He 
returned to Shanghai and another engineer 
was rushed up by airplane. This second man 
labored with the set for several weeks with- 
out making it work. Whereupon the mili- 
tary chieftain, a Mohammedan general, threw 
the engineer into gaol with the laconic ulti- 
matum, ‘When machine work you come out.’ 
The ways of the Oriental are inscrutable to 
the Western mind. One would think that if 
the engineer could accomplish nothing out 
of gaol he could do less in. But while the 
engineer was inefficient as a radio man he 
made a perfectly®good hostage. He sent a 
frantic wire back to Shanghai describing his 
troubles and ending with, ‘Don’t send an 
expert; send a practical man.’ The general 
manager bethought himself of Amateur Gra- 
ham in Changsha, already far in the direction 
of Thibet, and entreated Graham to under- 
take the trip. 

“The man of peace departed on his er- 
rand of war. The trip was made in the dead 
of winter. calling for extra-heavy clothing, 
topped off with flying-suit and helmet. Gra- 
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Butter Stage Circuit Diagrams Showing the 46, 47, 210 and 
Next Month's Note Book Page Will Bring You Another 
Group otf Interesting Circuits. 























As! 


four types of Crystal Oscillators 


these oscillators can be 
of the types of 
circuit diagrams below 
lator the 


four 
buffer serves as an 
an oscillator and a buffer 


tranamitter, 


amplifier stage But when 


added to the buffer, 
ing 


stage’ to prevent the r.f, 





watt resist 








month's RADIO NOTEBOOK page gave 


* circuit diagrams and list of parts required for 


Anyone of 
any one 


used to “feed” 
BUFFERS shown 

When fed by an oscil 
AMPLIFIER, if no 
additional stage is added to the buffer 
comprise 
the buffer serving as the output, or 
another 
the buffer serves as a “block 
current from the 


the 


In short, 
a two-tube 


stage 


. 


amplifier 


865 buffer 


grams 


This tube 
but is not well adapted for use as an amplifier. 


the 
fron 


from feeding back into the oscillator 
stage, shown in one of the dia 
uses a special screen-grid tube 
is excellent for use in a buffer 


below, 


stage 


as an amplifier in a low-power two-tube trans- 
mitter, is attained when the 210 tube is used, 
. fed by a 47 or 59 oscillator. The neutralizing 
condenser, for any of the circuits shown below, 


can be an ordinary réceiving-type 13 plate 

The "46 and 210 buffer stages should be used if midget variable, or a larger-plate condenser 
transmitter is to feed the antenna direct with from 5 to 7 plates. The grid and plate 

1 the buffer stage. The advantage of the leads in all circuits should be short and direct. 


865 as a buffer 


neutralizing condenser being required when this 
is used 


tube 


ex pensive 
used 


AANNAHA NANA 








is its ease of neutralizing, m 


On the other hand, the 865 is ar 
tube and for 


*HdSO0v 


R4 26,000 ohm 
rreR LEP I i6 Buffer Stage. UPPER RIGHT ‘210 Buffer Stage L.1--Plate coil, 20 t 
LOWER LEF'l 17 Buffer Stage LOWER RIGHT 865 Buffer Stage form, with tap t 
Che condenser and resistor values are the same for each circuit, except RE¢ Pransmitting 
therwise noted 
\ Ante! \ separate “‘¢ \ 
Plate ¢ | Ordinary ( batte 
( 1. fixed a condense! ( terminal of the 
mid. to .t »> mid. variable condense (receiving type) buffer circult lhe 
C4 fd. ft d mica condense! LATE terminal 
( Cs, C9 | mfd. fixed mica condenser brought to the tube 
it ad 1 t ondense! receiving type) 
Né Neut ' conde nat 13 plate midget variable receiving type or C-9 Is used o1 
t late receiving t Used only in 
wer center-tapped resistor (if filament inding of Used only 
er } no center-tap) Used only in 
} watt resist Used only in 


this reason is but little 
Greatest power-output, if a buffer is used 


’ The plate coil can usually be secured directly to 


the plate condenser. Next month’s RADIO 
’ NOTEBOOK page will show four types of 
DOUBLERS, Radio-teleghone circuits will be 


shown in a later 


issue. 





10-watt resistor 
urns No, 14 enameled wire, wound on 2-in. diameter 
aken at 8rd turn from lower end of coil 
type r.f, choke coil 
oltage supply is advisable when the 65 tube is used 
ries are best suited for the purpose The positive 
batteries is connected to the newative “RB” iead of the 
creen-grid cap at the top of the 865 tube is the 
the control grid and screen grid connections being 
prongs 
ly in 865 Buffer circuit 
i6 Butter circuit 
17 and 210 Buffer circuits 
17 Bulfer circuit 
47 Bulfer circuit 
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ANSWERED 


+} a 


Question—How do detectors used in mod 
ern superheterodynes differ from those used 
in early receivers? 

Answer—The early superheterodyne re 
ceivers generally used grid-leak detection, 


Next came “power” or “‘plate-rectifier’ de 
tecuon using three-electrode tubes or “tri 
odes.” The latest detectors use two elec 


trodes for either half- or fullewave detection 
and are called “diodes,” They permit high 
undistorted power output. 


Question——-When receiving a_ radio-tele 
phone signal in a superheterodyne, is the 
modulation originally present in the carries 
retained in the intermediate frequency cit 
cuit? 


Answer—When a modulated carrier is re 
ceived and passed through the mixer tube 
to the intermediate frequency amplifier the 
intermediate frequency is modulated exactly 
as was the carrier frequency. However, if 
conunuous-wave telegraph signals are being 
received, they will generally remain inaudible 
in the second detector output circuit unless 
they are heterodyned by a suitable beating os 
cillator which is tuned to the intermediate 
trequency plus or minus the audio-frequency 
beat-note desired, The second detector con 
verts the incoming signal, which has first been 
converted by the mixer, amplified in the LF, 
stage and heterodyned by the beating oscilla- 
tor, into an audio-frequency signal which may 
he heard in the speaker or headphones as 
telegraph symbols, 


Question—How is image frequency inter 
ference eliminated in a super-heterodyne re 
ceiver? 

Answer—By providing great selectivity in 
the radio-frequency stages functioning at the 
frequency of the received signal (pre-mixer) 
and in the mixer circuit. This may be ac- 
complished by using loose coupling between 
stages in the “‘pre-mixer’’ amplifier. Another 
method is to use a tuned “rejection” circuit 
tuned by a variable condenser operated by 
the main tuning control. This rejection cir 
cuit is so designed that it will at all times 
he tuned to a frequency differing from the 
received carrier frequency by twice the in- 
termediate frequency. The rejection circuit is 
placed in the grid circuit of the radio-fre 
quency amplifier tube and “rejects” or offers 
i high impedance to the passage of a signal 
differing from the desired signal by twice the 
intermediate frequency. q 


Question—Whv do modern super-hetero- 
dyne receivers generally feed from the sec 
ond detector plate directly to the grid of the 
power tube without the intervening audio- 
amplifier stage generally used in early re 
ceivers: 

Answer—The plate rectifier detector, with 
property biased grid, provides a useful audio 
frequency output of several volts. This is 
usually high enough so that the second de- 
tector tube will swing the output tube grid 
sufficiently to give a good audio signal 
in the output device. This eliminates the 
need of the formerly-used extra stage of 
audio-frequency amplification which often 
gave trouble due to high hum level, micro- 
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QUESTIONS FREQUENTLY ASKED ABOUT 


Sere RkmeTreRODYWNES 


IN UNDERSTANDABLE 
QUESTIONS ON VARIOUS SUBJECTS WILL BI 


By The Technical Editors 


feed-back and which 
quired additional apparatus and equipment. 


With ° diode F 


phonics etc also re 


de fection, such as that used in 


the very latest receivers, enough audio-tre 
quency Output is available to permit elim 
ination of an intervening audio stage. How 


ever, some receivers do employ a first audio 
stage which is incorporated in the ‘diode 
triode type 
second detector 


Why, in a 


with all its sharply tuned resonant Circuits, 18 


of tube which also serves as the 


Question superheterodyne, 
there no cut-off of the higher audio-frequen 
cies due to filter action with the poor qual 
ity which would naturally resule therefrom? 


Answet Such cut-off occurs in improperly 
designed receivers, both radio-frequency and 
superheterodyne. In the superheterodyne, the 
performance is usually sauistac 
tory if the selectivity permits reception of 
signals within 10 K.C. of each other. The 
actual selectivity depends upon several fac 
tors such as the decrements of the tuned cit 
cuits and the coupling between stages. How 
ever, the attenuation at the signal frequency 
of the higher modulation frequencies is not 
great enough to adversely effect the quality 
beyond permissible limits. Serious distortion 
may be prevented by slightly broadening the 
tuning of the circuits or by using a “band 
pass’ tuning system in the high-frequency 
amplifer. The same problems occur in the 
intermediate frequency amplifier and here the 


considered 


reaction between tuned coupled circuits may 
be made to provide the necessary broadening 
of tuning and without much attenua 
tion of the modulated radio-frequency Sig 


nal. Alternatively, a band-pass system may 
be used and may be made relatively flat 
over a broad frequency range yet tuned 


sharply enough tO prevent the passage of un 
wanted signals 


Question—Is it possible to build a tuned 
radio-frequency receiver that will be as sen 


sitive as a superhete rodyne 


Answer—-It 
such a receiver but the 


build 
cost and dithculties of 
operation which would be introduced would 


might he possible to 


make it less Saustactory than the superhe tero 
dyne The chiet the 
types of receivers is in the functioning of the 
detector their 


difference between two 


circuits and relative sensi 
tivities 

A tuned r.f 
the telephone or loudspeaker which varies as 
the square of the 
while a superheterodyne 
continuous-wave receiver due to the 
of the tube, gives a loud-speakes 


response which is directly proportional to the 


receiver pPives a response in 


signal strength 


which 


received 
actS as a 
inclusion 
oscillator 
received signal strength. The superheterodyne 
receiver rightly has received its popularity 
due to its ability to bring in weak signals 
louder and more satisfactorily than any 
other type of vet developed. Its 
sensitivity and its high degree of selectivity 
make it the most reliable type of receiver for 
almost any purpose. 


receivel 


Question—-Can a superheterodyne receiver 
be designed to eliminate interference between 
two distant radio stations which are operating 


TERMS 


ANSWERED EACH MONTH 


4 
on frequencies so. close together that they 
beat with one another to produce an audio 
freqneucy ‘whistle 

Answer—Such interference cannot be elim 


inated in the usual type of superheterodyne 


hecause the selectivity of the tuned circuits 
is not sufficiently great to permit elimination 
of the unwanted station's carrier. Such an 
interfering signal can be eliminated by in 


the 


supe rhetero 


corporating a crystal in 
diate 


dyne 


quartz initerine 


frequency amplifier of a 
Such a crystal 
to such an extent that the 


band 


Lice 


will increase the selec 


tivity will 


i¢ spond to a 


receivel 


frequency only a tew 


hundred cycles wide, thus asing the se 
lectivity co the necessary 
(the Stenode) 


audio-frequency circuit must be 


degree In such a 


receive! a specially designed 
used to fe 
store the tone quality of the received signal 
by giving over-emphasis to the higher audio 
frequencies to comnensate tor the attenuation 


ot these frequencies in the preceding circuits 


Question-——Why is the “Autodyne” o1 self 
heterodyne not more widely used in Supel 
heterodyne receivers ¢ 

Answer—An Autodyne circuit is, due to 


its nature, detuned from the received signal 


by a frequency equal to that of the heat note 


desired The response of the usual tuned 
circuit to a signal when it ts detuned from 
the signal for example by 1000 cycles, which 


may he considered an average be at-note is 
but little reduced. However, if the tuned cil 
cuit were adjusted to a frequency differing 
from the desired frequency by 175 K.C. (a 
common intermediate frequency) the re 


sponse to the desired signal would be greatly 
reduced and poor sensitivity would result 


Why 


were sO popular with earls 


Question have loop aerials, which 


superhet rodyne 


been generally discontinued / 

Answer — Loopgt rials were clumsy and un 
sightly and could not be readily mounted in 
the space generally available I he aise ot 
tuned-radio-frequency amplificanon ahead of 
the mixet tube ilso had much to do with the 
abandonment of the loop aerial It would 
he dithcult to design a large ait spaced 
loop-type inductotr due to its distributed 
and mutual Capacity characterists and 
othet factors which could he tuned by 
one sectson of a ganged condenser, such as 
is used in the modern receives and which 
would allow the loop circuit tuning to (race 
with thar of the remaining circuits con 
trolled by the ganged condense! The dire 
tive properties of the looy aerial, valuable 
for radio proniroime tel scrvice make it IM pos 
sible to receive signals from all direction: 
with equal intensity without changing the 
direction of the plane ot the loop 


there he any advantage 


X ould 


supe rhe {¢ rodyne 


Question 
wis! 
in building a with a push 


pull interme diate amplihet 


Answer— No 
the push-pull 


The particular advantage of 
amplifier is that it permits 


cancellation of certain harmonics which 


would be present in the output of a 
Such harmonics do not present a prob 


single 
tube 
lem in the intermediate ampliher 
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Question—I have been told that heater- 
type tubes are better than filament-type tubes 
as audio-frequency amplifiers in high-quality 
systems because they cause less distortion. 
Please explain—D.L.F., New York City. 

Answer—The superiority of heater-type 
tubes when used in speech-amplifier circuits 
is due to the fact that in this type of tube, 
sometimes called an “equi-potential-cathode”’ 
tube, the cathode is at a uniform potential 
with respect to the grid over its entire sur- 
face. In the filament-type tube the bias is 
taken as effective from the negative end of 
the filament. However, the effective bias 
varies along the length of the filament due 
to the voltage drop in the filament resulting 

ym the flow of filament current through it. 
This variation in effective grid-bias along 
the length of the filament produces some dis- 

tion. Since there is no filament current 

w through the emitter proper in the 
cathode-heater type of tube the effective bias 
is the same for all parts of the emitter and 
listortion due to variation in effective bias 
s eliminated. In heater-type tubes there are 
no disturbances set up in associated circuits 
jue to transient variations in the filament 
(heater) current because the cathode is in- 

lated from the filament and is heated only 
by heat radiated from the filament. It takes 

appreciable time after current is started 
through the filament for the cathode or emit 

r to reach a temperature sufficiently high 

it it will supply the electrons which con- 
stitute the plate current. The relatively slow 

i n in cathode temperature with re- 
spect to variations in heater temperature al- 

ws the tube to be operated on an alter 
nating current supply without the introduc- 
of the relatively high alternating cur- 
rent frequency to the circuits associated with 
the tube. In other words, changes in heater 
temperature do not cause changes in electron 

ission in the cathode-type of tube as they 
would in the filament or directly-heated type 
of tube. Heater-type tubes are also consid- 
erably less microphonic and therefore less 
trouble is caused by shock or jar in a high 
gain audio frequency amplifier using heater- 
ype tubes in the preliminary stages 

OQuestion—I have treated the inside of a 

fio cabinet with half-inch hair felt to try 

get away from cabinet resonance, but it 

to help. What is best for use 
n a radio cabinet to correct such trouble 

B.K.1., Macon, Georgia. 

Answer—Hair felt is generally unsuited 

stical purposes except for reducing 

ransmitted through walls and par- 

ions. Hair felt absorbs most of the high 

f ean Soy eT 





oes ft r seen 


ves not absorb as many low- 
es. Cabinet resonance is usually 
at the lower frequencies and felt 

g will accentuate the trouble due to 
rption of the high-frequencies. Rock 
Celotex, balsam wool or canec an inch 
thickness when glued or cemented 

side f a radio cabinet especially 
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when mounted on large unsupported flat sur- 
faces, will usually materially better the tone 
quality of a broadcast receiver. The precau- 
tion is hardly worthwhile in the very small 
receivers which can be found on the market. 

Question—I have heard that it is possible 
to use an interstage transformer as an out- 
put transformer by partly dismounting it and 
winding a new secondary. How can this be 
done for a dynamic speaker ?—K.]J.F., Joplin, 
Missouri. 

Answer—An interstage trnasformer pri- 


mary winding roughly matches in impedance « 


the plate impedance of a tube. When the 
secondary winding is removed by cutting 
through the layers of wire one by one with 
a sharp knife a single layer of about No. 20 
or 24 enameled wire can be wound over the 
primary. This new winding can be con- 
nected to the speaker and will allow the set 
to operate until a factory replacement can 
be obtained. 


IES 


THOSE OF GENERAL INTEREST WILL BE ANSWERED IN THESE COLUMNS. 


where space is limited? — J. B. F., Auburn, 
N.Y. 

Answer—An antenna consisting of two 
wires of equal length, each 75 to 100 feet, 
the far ends of which are supported by in- 
sulators and the near ends of which are 
brought to opposite.sides of an insulator 
and connected at the center insulator to the 
two conductors of a “twisted pair,’ such as 
lamp cord, can be used to obtain quite satis- 
factory reception. The other ends of the con- 
ductors of the “twisted pair’ will be con- 
nected to the aerial and ground posts of the 
receiver as indicated in the accompanying 
sketch, Fig. 1. 

Another method is to connect the near 
ends of the two halves of the antenna to the 
terminals of a small coil and then to induc- 
tively couple the receiver to the antenna by 
means of another coil to which are con- 
nected the conductors of the twisted pair. 
This arrangement is shown in Fig. 2. 
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Question—Please show diagram of an When the lead-in, or feed line will be very 


amplifier suitable for phonograph-record re- 
production.—F.L.S., Jacksonville, Fla. 
Answer—See accompanying diagram. 
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List of parts for Phonograph Amplifier: 


T-1 Transformer matching pickup imped- 
ance, and coupling to tube grid 

T-2 Interstage audio transformer 

T-3 “Class B” input transformer, to push- 
pull class B grids 

T-4 Output transformer 

T-5 Power supply transformer 

R-1 250,000-ohm tapered variable potentiom- 
eter 

R-2 Grid bias resistor, 1000 ohms, 2 watt 

R-3 Grid bias resistor, 1000 ohms, 2 watt 

R-4 20,000 ohms, with taps for 180 volts 

C-1,C-3 4 mfd. noninductive, 150-volt test 

C-2, C-4 1 mfd., 400 volts 

C-5,C-6 8 mfd. Electrolytic. 


Question—Please show how I can reduce 
noises picked-up by my antenna. What can 
be used in place of transposition blocks 


long and it is not possible to put up two 
long wires for the antenna fairly good re- 
sults can be attained in some cases with a 
single wire antenna and a “twisted pair” 
lead-in with one of the “twisted pair” con- 
ductors left disconnected at the antenna end. 
When this arrangement is used interchange 
the antenna and ground connections at the 
receiving set to determine which order of 
connection gives the best results. This type 
of installation often helps to eliminate or 
reduce interference from motors and other 
local sources of noise. 


Question—What is the reason that tubes 
that have been used as rectifiers in sound 
system amplifiers are unsuited for subsequent 
use as amplifiers?—D.L.H., Austin, Texas. 

Answer—Some: types of sound amplifiers 
used in theatre sound projection systems, 
notably the Western Electric 42-A and 43-A, 
employ the same type of tubes in both ampli- 
fier and rectifier positions. When used as 
rectifiers the grids and plates of the tubes 
are connected in parallel. When oxide fila- 
ment tubes are used as rectifiers in this 
manner a considerable amount of electron- 
emitting material is deposited on the grids 
from the filament. This does not make any 
difference if the tubes are used as rectifiers 
exclusively. If, however, an attempt is made 
to later use these tubes as amplifiers distor- 
tion will be introduced into the system due 
to emission of electrons from the grids. 
Tubes which have been used as _ rectifiers 
should therefore not be used as amplifiers. 
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E ARE going to discuss four general 

types of receivers. The first of these 

is the simple non-regenerative detec- 
tor with or without audio frequency amplifi- 
cation, The second is the regenerative de- 
tector with or without audio amplification. 
The third is the tuned radio-frequency type 
and the fourth is the Superheterodyne. 


HE simplest type of tube receiver is the 

non-regenerative detector, consisting of 

a three-element tube together with cir- 
cuits in which no provision has been made for 
return of energy from the output or plate cir- 
cuit to the input or grid circuit. Such a re- 
ceiver will allow the reception of modulated, 
or telephone, signals but cannot be used for 
satisfactory reception of code signals sent out 
by a transmitter such as that we have described. 
Such code signals would sound like a series 
of clicks and could not very well be inter- 
preted. Hence we must provide some way of 
making such signals intelligible. This type of 
receiver is relatively low in sensitivity and 
cannot be used for satisfactory reception over 
long distances. The circuit for a receiver of 
this tvpe may be represented by the diagram 
in Fig. 3. With such a receiver the telephone 
response will be proportional to the square 
of the signal strength. If the signal in the 
phones is to be twice as loud as the received 
signal must be four times as great. For 
double the telephone response from a given 
transmitter we would have to be located con- 
siderably closer to the transmitter since the 
signal strength from a transmitter varies in- 
versely as the distance from the transmitter. 
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OW suppose we arrange a_ second 
vacuum tube in a circuit such as that 
in the diagram of Fig. 4. Here 

we have arranged for feed-back of energy 
from the output or plate circuit of the 
tube to the input or grid circuit by connect- 
ng a coil in series with the plate circuit and 
oupling it to the coil in the grid circuit. 
Such a tube system will oscillate or will act 
frequency of the currents generated by it can 
be varied over a considerable range by vary- 
ing the capacity of the condenser C2 connect- 
ed across the grid coil. 

Now suppose that the transmitter from 
which we wish to receive signals is sending 
out “unmodulated” signals on a frequency of 
1,000,000 cycles or 1,000 kilocycles (kc.). We 
have said that satisfactory reception of such a 
signal with the simple non-regenerative de- 
tector can not be had. Suppose that we adjust 
our detector circuit (Fig. 3) to respond to 
the transmitted signal of 1,000 kc. and that 
we place the grid coil of our oscillating sys- 
tem (Fig. 4) quite close to the grid coil of the 
detector circuit (with variable coupling if de- 
sired). We will find that as we vary the ca- 
pacity of condenser C2 in our oscillator (Fig. 
4) we will hear a clear whistling note as the 
frequency of the local oscillator approaches 
that of the transmitting station (1,000 kc.). The 
frequency of this note, and hence its pitch, 
will depend upon the adjustment of C2. The 
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The Superheterodyne—lts Theory and Operation 


A One Year Course of Instruction—Lesson Three 


By D. B. McGOWN 


closer the local oscillator frequency ap- 
proaches 1,000 kc. (the frequency of the 
transmitted signal) the lower will be the pitch 
of the note. Under these conditions we can 
successfully receive “unmodulated” signals 
(called continuous wave or c.w. signals). 
Reception of telephone or modulated signals 
will be very unsatisfactory. This will later 
be discussed in more detail. 


ET US SEE what happens when we couple 
the circuits of Figs. 3 and 4. We may 
represent the 1,000 ke. signal input to 

the receiver by the curve A” of Fig. 5. Sup- 
pose the output of our local oscillator is ad- 
justed to 999 kc. We may represent the os- 
cillator output by curve “B” of Fig. 5. If we 
examine these curves we will notice that part 
of the time the current set up in the receiver 
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circuit bv the transmitter and the current of 
the oscillator are both positive. When both 
are positive, the “waves” add; part of the 
time, however, one is positive and the 
other negative. so they cancel each other 
and can be said to be cancelling. If both of 
these frequencies are introduced into the de- 
tector input circuit simultaneously a current 
having a frequency of 1,000 cycles will be 
produced in the plate circuit of the detector. 
This 1,000-cycle current will produce an au 
dible note in the headphones. The 1,000-cycl 
frequency is, it will be noted, equal to the 
arithmetical difference between the received 
signal of 1,000 kc. and the local oscillator 
frequency of 999 kc. An audible note of 1,000 
cycles could also be produced by adjusting the 
oscillator frequency to 1,001 kc. as the dif- 
ference between the two frequencies would 
again be 1,000 cycles. 

When two frequencies are introduced 
multaneously into a circuit one 1 11d to 
heterodyne the other or beat with it to -pro- 
duce a third frequency judl to 
their difference. A receiver in which a local- 
ly generated frequency is made to _ hetero- 
dyne or beat with the received frequency to 
produce an audible or a lower frequency, for 
subsequent amplification, is called heterodyne 
or beat reception. This fundamental action 
takes place in ALL superheterodyne receivers. 

We have said that in the simple detector 
circuit the telephone response is proportional 
to the square of the signal strength. This 
does not hold true for the 
method of reception. With beat reception the 
telephone response is proportional to the 
strength of the incoming signal. That is 
to get twice as loud a signal with beat 


f 
which 1s eq 


heterodyne 


ception we only have to increase the effective 
signal strength to twice its original value 
Such an increase in the effective 
the received signal could be effected by 
transmitter power, greater pick-up given by a 
longer aerial, closer coupling, etc. 

The proper use of the heterodyne method 
of reception allows practically equal signal 
streneth in the phones for signals actually dif- 
fering very considerable in their energy con- 
tent. C. W. signals from stations of only 


Stre ngth ot 


greater 


moderate power can be heard over great dis- 
tances, whereas “spark” signals would be lost 
and inaudible. Weak telephone or modu- 
lated signals can be picked up using the 
heterodvne method of reception even though 
they mav be badly distorted. 


N THE system of reception which we have 
just examined a separate tube and asso- 
ciated apparatus were used to produce a 
signal which would beat with the received sig 
nal in the detector circuit. It is possible, how- 
ever, to make a single tube function as both 
oscillator and detector in a self-heterodyne or 
“autodyne” circuit. Such a circuit is shown in 





W 

| Ec = T ] 

soe 

A os aay oe | (> 

1B" | 13) | ¢ ) FIG6 
ee Ter ~~ | 

S Reese . a 4 sept 

ss 











the diagram of Fig. 6. The simple detector 
circuit of Fig. 3 has been modified by con 
necting a coil in series with the plate or out 
put circuit of the tube and coupling this 
coil to the grid or input circuit so that energy 
is fed back from the plate circuit to the 
grid circuit. Whenever energy is thus fed 
from the plate circuit to the grid circuit 
regeneration is said to be present. Regenera 
tion, if increased until the losses in the sy 


tem are overcome, will result in oscillation 
The use of this circuit allows reception of 
both phone OT modulate | Cc.W signal Whe! 
the circuit is regenerating but nor oscillat 
ing, and c.w ignals when the circuit is o 
cillating Modulated c.w or pnone W he 
distorted somewhat if the circuit is oscillat 
ing. 
The action which takes place in a reger 
erative circuit may be desct f 
Curre I t uf 
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of the signal to be receis 
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as a Clear whistling note 

(Continued on Page 42) 
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s Close Alliance With the Radio Art. 


Was Long Associated with the Sound and Projec ion Engineering Divisions of Western Electric, (E. R. P. 





Conducted by 


the Reader Will Find In These Columns Complete Infor nation On Many Heretofore Unpublicized Developments 





CHAPTER TWO 


FTER the original sound has_ been 
transformed into an electric current, it 
may be recorded on film or disk, as 
previously described, or it may be used to 
modulate a high-frequency electric current 
which will generate a radio wave. In all 
cases, it is then necessary to provide some 
means of reproducing this sound as a faith 
ful likeness of the original. In the film and 
disk recording processes, a permanent record 
is made of the sound and it may be repro- 
duced as many times as desired without any 
particular regard for the time period be 
tween the original recording and the final 
reproduction, Radio reproduction is almost 
instantaneous, the ume elapsing between the 
generation of the sound and its reproduction 
being only that ume which the radio wave 
takes to travel, at a speed of 300,000,000 
meters per second, through space trom = the 
transmitting antenna to the receivine pick 
up 
Sound records on disk and film are pet 
manent, while che radio transmitter makes 
no record at all. For this’ reason, film 
and disk recording problems are consider 
ibly greater than those encountered in a ra 
dio system. In disk and film recording, many 


foreign and non-electrical elements are pres 
ent, any of which may introduce distortion. 

In the tlm method ot reproduction, the 
him, Moving aca uniform rate of 90 feet per 
minute, passes a narrow slit of light which 


ocused through a lens system from a 
dy and unvarying source such as a smal] 
electric bulb operated on direct current. The 
light passes through the film and is made to 


vary im intensity in exact accordance with 
changes in density of a photography image 
on the film which is the sound record or 
sound = track This transmitted light of 


varying intensity then passes into a photo 
eleceric cell which produces a feeble electric 
current varying in value in accordance with 
variations in the intensity of the light it re 
ceives. The current from the usual photo 
electric cell is extremely small and it is 
passed into a vacuum tube audio frequency 
ampliher in which its value is increased. This 
umpliher, usually called the “P. E. Cell” 
ampliher, raises the level of the feeble cur- 
rent by from 20 to 50 db. Its output is 
controlled by a volume-control pad, usually 
called a “fader” because it can be used to 
rapidly and noiselessly fade or change over 
trom one reproducing machine to another. 
Its use is necessary in a theatre, where re- 
production of picture and sound must be 
conunuous. Leaving the fader, the sound 
currents are further amplified by voltage and 
power amplihers and thence led through an 
output panel, or matching network, to the 
loudspeaker horns. In sound theatre projec- 
tion work, these horns are mounted back- 
stage behind the motion-picture screen, of 
picture sheet.” and the sound appears to 
the audience to come from the scene of ac- 
tion, giving an illusion of reality 

The process is quite similar in the disk 
method of reproduction The sound record 
on the disk is converted into feeble electric 
currents by a small magneto generator called 
a ‘“‘reproducetr This includes a permanent 
magnet and a diaphragm or armature ef soft 
ron to which is attached a_ sharp-pointed 


needle. The current is set up by the motion 
of the iron armature caused by the needle 
following the “sound path” on the disk. This 
current is a reproduction of the original 
sound current. The output from the repro- 
ducer is controlled by a fader as in the film 
reproduction process and the output from 
the fader is passed through a similar ampli- 
fying system to the loudspeakers. 

The value of the initial sound current ob- 
tained from a reproducer actuated by a disk 
is much greater than that obtained from a 


sound and film. Once the disk and picture 
are correctly started, they will remain in 
synchronism until the reel is ended if they 
have been properly prepared and are prop- 
erly operated. 

The same type of records, either 12-in. or 
16-in., turning at 33% R.P.M., are used i 
broadcasting stations for “electrical tran- 
scriptions” and their operation is exactly the 
same as that of the theatre records. Not hav- 
ing been made in synchronism with a motion 
picture, they need less elaborate equipment. 








What the Illustration 


Represents lien? 
THE moving film varies <> 

the light to a photo-cell, C 
thus generating a weak re — awd 
sound current, and the disk 
generates a small current 
by moving the needle of the 
reproducer. The weak sound 
current is then varied in 
volume by the fader, from 
which the voltage amplifier 
is fed. After raising the 
level in the voltage ampli- 
fier, the power amplifier in- 
creases the power to oper- 
ate the loudspeakers, which 
are fed through the output 
panel, The loudspeakers 
then generate a sound simi- 
lar to the original. 

In the radio system, the 
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waves) are picked-up in the 
aerial and tuned to reson- 
ance in the tuning unit. The 
radio - frequency amplifier 
increases the voltage level 
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ot these currents, which are rectified or detected in the detector or demodulator, the output of which is a 
low-level audio-frequency sound current. This is amplified in the audio-frequency amplifier, fed to the 
loudspeaker through the output transformer, and the loudspeakers re-create the sound. 








photo-electric cell actuated by light from a 
him so that a preliminary amplifer, such as 
the “P.E.C.” amplifier used with film, is not 
needed in disk reproduction 

Disk reproduction has many uses. It is 
used, for instance, in the common phono 
graph, which is more or less familiar to 
everyone, as well as in the production of 
sound to accompany the projection of a 
motion picture. The processes of reproduc- 
tion are identical in each case except for the 
fact that when disks are used to supply sound 
for a motion picture great care must be used 
in starting and threading the combined mo- 
tion picture and sound projector for exact 
synchronism between sound and _ picture. 
Naturally, synchronism need not be consid- 
ered with phonograph reproduction but in 
sound picture reproduction it is of para- 
mount importance. A specially prepared disk 
is used for sound-motion-picture work 
Whereas the usual phonograph disk rotates 
78 times per minute and the needle starts 
from the outer edge of the record and works 
inward on a spiral, the sound record rotates 
3314 times per minute and the reproducer 
starts at the inner edge of the spiral and 
travels outward, By maknig the motion pic- 
ture records quite large (16 inches in diam- 
eter) or by making the turns of the spiral 
very close together (12 inch record) the mo- 
tion picture type record is made to play for 
about ten or eleven minutes before it has to 
be changed. It allows projection of a stand- 
ard 1000-foot reel of motion picture film 
without change of record. The start at the 
center permits very easy setting of the needle 
to a predetermined “‘start’’ mark and conse- 
quent establishment of synchronism between 


Having been prepared especially for broad 
casting, their subject matter is usually un 
suitable for other classes of reproduction. 
For the broadcasting of electrical transcrip- 
tions the input amplifier system at the broad- 
casting station is switched from the micro- 
phone to the output of the disk pick-up, 
which output then goes through the same 
processes and then modulates the radio-fre- 
quency carrier, just exactly as if the sound 
was generated at the broadcasting station. 

We have seen that in both film and disk 
reproduction we first convert sound energy 
into electrical energy, amplify or increase the 
intensity of this electrical energy and con- 
trol its level in several steps by means of 
equipment which can be broadly segregated 
into basic units such as fader, voltage ampli- 
fier, power amplifier, etc., and then recon- 
vert the amplified electrical energy into 
sound energy. We have found that film and 
disk reproduction are identical except for 
the differences in the means of initial con- 
version of sound energy into electrical en- 
ergy and in the extent of amplification of 
the eletcrical energy required. 

A radio receiver can be segregated into 
basic electrical units very similar to many of 
those present in film and disk recording 
equipment. However, in the case of a radio 
receiver, the initial input is in the form of 
electrical energy and we are concerned with 
the amplification and control of this energy 
and with its conversion into sound energy. 
We shall give the name “Radio Reproduc- 
tion’ to the complete process of picking up 
electrical energy, amplifying and controlling 
it and converting it into sound energy. 

In radio reproduction, the antenna system 
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intercepts a feeble radio wave which sets up 
small alternating current in the antenna. This 
current is a radio-frequency, alternating cur 
rent modulated by the audio frequencies which 
are finally to be converted into sound energy. 
If the antenna and the receiving system are 
tuned to the frequency of the signal in- 
tercepted, the “running unit’ passes the 
energy from the antenna system to the radio- 
frequency amplifier. The radio-frequency 
amplifier is a “voltage amplifier.” This amp- 
lifer may be equipped with a volume con- 
trol unit corresponding to the fader in the 
theatre system, A volume control must, of 
course, be included in the system to obtain 
the desired level of final sound energy but it 
need not necessarily be placed in the rf. 
amplifier. It can be located in any one of 
several positions in the circuit. After pass- 
ing through the radio-frequency amplifier, in 
either a superheterodyne or t.r.f. receiver, 
the modulated radio-frequency current is de- 
tected, or demodulated, and the radio-fre- 
quency component is removed leaving an 
audio-frequency current whose variations in 
amplitude correspond to variations in in- 
tensity of the original sound. Leaving the 
detector, this audio-frequency electrical en- 
ergy is further amplified, or increased in in- 
tensity. The audio-frequency amplifier fol- 
lowing the detector may be a power ampli 
fer or a combination of a power amplifier 
with one or more stages of voltage amplifi 
cation, The output of the final or _, 
stage in the audio-frequency amplifier 1s 
passed into an output transformer or similar 
coupling device and thence into a loud 
speaker, The speaker reproduces the original 
sound, 

Radio reproduction is the simplest of the 
three basic types of reproduction to accomp- 
lish with a minimum of distortion, The tone 
quality of the average broadcast station, 
commonly called its “fidelity,” is extremely 
high and distortion introduced by the equip- 
ment in such a station is almost negligible. 
Many radio receivers, especially the cheap 
“midget” types, are very unsatisfactory from 
a fidelity viewpoint. The greater proportion 
of trouble from poor tone quality can be 
eliminated by proper design and construction 
of receiving equipment. Such design would 
be ahead of present general public demand 
and appreciation. 

Recording of sound on either film or disk 
introduces a number of problems that are 
not encountered in radio transmission or re 
ception and a large number of problems that 
never come up in public-address work at all. 

In film recording, we have sound current 
that is amplified to such an extent that it 
will do a certain small amount of work. For 
example, this current may operate a device 
which will turn a light (‘light valve’’) on 
and off—or it may operate a tiny moving 
miror (a “vibrator’’)—or it may be made to 
vary the brilliancy of a gas-filled lamp (a 
recording lamp” or Aeolight). These va 
rious methods of utilizing the sound-current 
output of the amplifier are commercially 
called respectively the “Western Electric 
Lightvalve System,” the “RCA Photophone 
System” and the ‘‘Fox-Case System.” 

In the Western Electric System, a tung- 
ten-flament lamp, operated on D.C., pro- 
vides a constant source of illumination. The 
light from this lamp is focused by a lens 
system on a loop of duralumin tape which 
is mounted between the poles of a powerful 
electromagnet and the edges of which are al- 
most, but not quite, closed. When sound 
current is supplied to the loop, or light- 
valve, the duralumin strips move and allow 
more or less light to pass. The degree of 
movement of the strips is dependent upon 
the amplitude, and the frequency of move- 
ment is dependent upon dhs Teoeemner, of the 
sound-current. The amount of light and the 
frequency with which the valve opens and 


-} 


closes therefore varies as the amplitude and 
frequency of the sound-current vary. 

The light that passes through the light- 
valve is then focused by another lens system 
and the image from this lens system is fo- 
cused upon a moving photographic film in a 
“film recording machine,” or sound camera. 
In this way, a light image which varies in 
exact accordance with the sound-current, and 
hence with the sound picked up by the micro- 
phone, is transmitted to the film and recorded 
thereon. 

In the RCA Photophone System, the orig- 
inal light source for recording is either a 
small arc lamp or a very brilliant incandes- 
cent lamp, the light from which ts focused on 
a tiny mirror. This mirror is suspended in 
the field of an electromagnet. The sound 
currents cause the loop supporting the mit 
ror to twist in the magnetic field with the 
result that the light reflected from the mit 
ror travels laterally, or from side to side. 
This light from the mirror is focused on a 
moving photographic film through a_ lens 
system with the result that an area of the 
film, varying in accordance with changes in 
amplitude and freauency of the sound-cur- 
rent and hence the original sound, is exposed 

The Fox-Case System uses a_ gas-filled 
“flashing lamp” which is mounted very close 
to the moving film. The recording lamp 
flashes in exact accordance with the sound 
current supplied to it. The light from the 
flashing lamp passes through a small light- 
collector lens which terminates in a very 
narrow slit. This slit or aperture is mounted 
so that the moving film passes very close to 
it but does not touch it. The light passing 
through the slit “exposes” the film and thus 
makes a record upon it similar to that made 
in the Western Electric process 

In the Western Electric and Fox-Case Sys- 
tems the light reaching the film is of variable 
intensity and the sound track produced looks 
like a series of Jieht and dark bands or lines 
of varying intensities. In the RCA System the 
light reaching the film is of uniform inten- 
sity so that the density of the image formed 
on the film is constant. However, in the 
RCA System, the area of film exposed is con 
tinuously variable and the sound track looks 
like a jagged wavy curve. The frequency 
with which the peaks and depths occur varies 
with the frequency of the sound-current while 
the heights and depths of the peaks and hol 
lows, or in other words the “amplitude,” 
varies with amplitude of the sound-current 

The sound track made in the Western Ele« 
tric and Fox-Case Systems is called a ‘‘varia 
ble density” sound track while that made in 
the RCA System is called a “variable area” 
sound track. Both systems have their advan 
tages which will be discussed more fully in 
future articles. 

After the latent image has been produced 
on the film, i.e., after the film has been ex- 
posed, it is necessary to develop and fix the 
image in the same way that the image on 
any photographic plate or negative is devel 
oped and fixed. Similar developers, hypo 
and washing and drying methods are used. 
The resulting film is called the “negative” 
and a print must next be made from it on 
another film which becomes the “positive.” 
The image made on the positive film during 
printing is a latent image and the positive 
film is subject to the same type of develop 
ing, fixing and finishing as the negative. The 
positive print is a reversal or reciprocal of 
the negative, that is, the light portions of the 
negative appear as dark on the positive and 
vice versa. This is the case with all prints 
made from photographic negatives. 

Disk recording is quite complex and does 
not stop with the recording on wax. The 
“wax,” by the way, is a specially prepared 
mineral soap. The wax is electro-plated after 
the impression on it has been traced by the 
cutting stylus. From the first electro-plating, 
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which is a “negative,” other electro-plated 
impressions are made. The final record, the 
familiar black disk, is made by pressing a 
dry, hard, gummy substance, chiefly gum 
shellac, into the crevices of the electro-plated 
“stamper” which is a die-like copy of the 
orignial record is negative. The final rec 
ord appears as an actual reproduction of the 
original wax. It is hard and durable and 
capable of being played many times without 
sufficient wear to cause loss of quality while 
the original wax would have been ruined if 
played more than a very few times. The 
Nressing process requires careful preparation 
of the pressing stock which is molded at 
high temperature in a very heavy hydraulic 
press to produce the commercially pertect 
and final record. 

The film process is liable to many more 
variable influences than the disk process. On 
the other hand, the film process is chemical 
in nature and such influences are as easily. if 
not more easily, controlled than those pres 
ent in the disk process. The sound on film 
or “sound track” as it is called, is almost al. 
ways taken in synchronism with the action 
which is taken by the picture camera. There 
is usually a complete set of “sound” and 
_picture” negatives made for each “take.” 
Che sound track is almost universally 


‘ Py re 
corded on positive’ or special 


“sound” 

stock. This is different film from that lee 
for picture photography and requires differ 
ent handling in processing. Generally. the 
positive, or sound track, stock used as sound 
negative is of much finer grain in the emul 
sion, OF sensitive surface, than that used for 
picture work. This fine grain must be pre 
served throughout the processing or ‘ 


Sul 
face’ Or grain noise will appear as 


a rush 
ing sound. Accurate temperature control of 


the processing baths must be maintained and 
the solutions must be kept of definite 
strength at all times. Washing water must 
be kept clean and free from. foreign sub 
stances, both chemical and physical and ex 
treme care must be exercised in drying and 
storing the developed film lest it be scratched 
or otherwise damaged. | 

In most cases, after the disks or films have 
been first prepared, it 1s necessary to ‘‘cut”’ 
the sound and photographic material in such 
a way that a complete and coherent story 
may be presented both in picture and dialog 
These steps will be discussed after the va 
rious electrical Systems have been more the 
roughly examined 


ACIGH 
(Continu®d from Page 35) 


Most of the time was spent in rebuilding 
the burned-out transformer. In three day 
from the time he arrived the station was on 
the air, with Graham working not only the 
front-line trenches but also hams in Ind 
and all over China. So, now. when vou 
hear AC4AA you will know what it is 
where it is, and how come.” 

Now, I cannot agree with Graham's state 
ment to the doctor that the yourney Was 
“without incident.” 
railway, 


Four days on a Chine ( 
a day ina plane over frozen China 
two days in a car on camel trails covered 
with snow, being stuck in drifts 134,000 f¢ et 
above sea-level! I cannot imagine as “with 
out incident” such a journey and the accon 
panying thoughts of the man who was mak 
ing it. To me this is one of the dramatic 
episodes of amateur radio. A man young 
enough in the game to be called a green 
horn, wise enough to be appealed to as an 
expert by the commercial men who had built 
the transmitter; knowing the ways of China 
well enough to picture his own predicament 
if he in turn should fail to make the “ma 
chine’ work. and vet with the confidence and 
courage to make the attempt 

(Continued on Page 42) 
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The Superheterodyne—lts 
Theory and Operation 


(Continued from Page 39) 

EFORE going into the subject of the 
B superheterodyne proper let us discuss 
briefly the subject of amplification 
practice. There are three general types of 
amplification in use. The first of these is radio 
frequency amplification, that is, amplification 
at the frequencies at which signals are re- 
ceived from the transmitting stations. The 
second is audio frequency amplification, that 
is, amplification at frequencies audible to the 
human ear. The third is intermediate fre- 
quency amplification, that is, amplification at 
frequencies intermediate between radio fre- 

quencies and audio frequencies. 
In general it is possible to design a circuit 
for a greater degree of amplification on a 


single predetermined frequency than it is to | 


design a Circuit to produce maximum ampli- 
fication over a relatively wide band of fre- 
quencies. It is also less difficult to build an 
amplifier system which is stable for operation 
at low frequencies or a single low frequency 


than it is to build an amplifier system to | 


operate at high frequencies. Difficulties due 
to stray coupling, distributed capacities and 
tube interelectrode capacities increase as the 
frequency of amplification increases and un- 


usual precautions in placement of parts and | 


wiring are necessarv. Since a low-frequency 


amplifier operating on a single predetermined | 


frequency is relatively easy to build and to 
maintain in a stable condition when adjusted 
for maximum gain; since it is not critical to 
minor variations occurring in normal use, 
such as tube changes, battery voltage changes, 


etc., its use in a receiver system is very Sat- | 


isfactory. 

Suppose, for example, that we have built a 
low-frequency amplifier consisting of several 
tubes tovether with their associated tuned 


circuits, adjusted and designed to operate | 


at a single fixed frequency of 50,000 cycles 
(50 kc.). This frequency has been chosen 
for purposes of illustration as it is a fre 
quency for which it is comparatively easy to 
build a satisfactory amplifier. Our problem 
is to find a way to use this 50 kc. amplifier 
in a receiver. 

Suppose we retain the circuits shown in 
the diagrams of Figs. 3 and 4. We can replace 
the head phones in the circuit of Fig. 3 with 
the primarv of a transformer designed to op- 
erate at 50 kc., the secondary of this trans 
former being connected to the grid circuit of 
the first tube in our 50 kc. amplifier. Now if 
the signal we wish to receive is 1,000 kc. and 
we tune our local oscillator (Fig. 4) to either 
950 kc. or 1,050 kc. we shall produce in the 
plate circuit of the detector a beat or hetero 
dyne frequency of 50 kc. which is equal to the 
difference between the received and beat fre- 
quencies. The circuit arrangement ts given in 
Fig. 7. X and Y are the points in the circuit 
to which the low-frequency input transformer 


has been connected to replace the headphones | 


in Fig. 3. 
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(Continued from Page 41) 
enough to know that the whole history of 
amateur radio has been one of oppression 
and despoilment by commercial people, and 
yet with the exalted charity to turn the other 
cheek and render a service to one of that 
calling. 

I asked Graham over the air who built this 
transmitter. He wouldn't tell me; he thought 
it would be unfair. He will be passing 
through California next winter and the gang 
here will have the pleasure of meeting. Per- 
haps we can induce him to tell us some of 
his soliloquies on that wild trip to Thibet. 





Why are WIRELESS SHOP Condensers 


Used by the Leading Amateurs? 


TO BE SURE THAT THE LAST OUNCE OF 
EFFICIENCY WILL BE PUT INTO THE ANTENNA! 


QUALITY — EFFICIENCY — 
PRECISION WORKMANSHIP— 
SUPERIOR DESIGN. 


What more could you ask when it 
costs no more? Our experience of 
over 20 years is your guarantee. 


Look them over — See them at your 





dealer, or, if he can't supply them, 
order direct from factory. 
















‘THESE split stator jobs are what you have 

always wanted, and O-Boy, are they BUILT. 
Like a battle-ship. If we asked twice as much, 
they would still be GOOD VALUE, but by 
production manufacturing methods, and our 
modern plant, we are able to give the modern 
amateur a REAL NEW DEAL. Exceptional 
QUALITY at a LOW PRICE. Your 1933 dollars 
buy a lot of condenser from The Wireless Shop. 
Read a few of the specifications below, which 
cannot begin to do the condensors justice. They 
must be seen—THEN—-you’re sold. 


All plates are machine round- 
ed on the edges to prevent 
corona losses, and are die- 
punched from ‘heavy duralum- 
inum sheet. Ends are die- 
stamped from very heavy 
duraluminum also. Large re- 
movable shafts, accurately 
precision turned spacers, rigid 
tie rods, and substantial 
mounting feet are only a few 
of the points. Contact resist- 
ance between the rotor and 
frame is reduced to an abso- 
lute minimum by three heavy 
wiping bronze contact and 
tension springs. And the insu- 
lation placed at a point of 
very weak fields, and of a spe- 
cial material known as glazed 
Coorsite. 


CUT OF TYPE ws - 4225 


The Type WS-1502035 was especially developed 
for the “Perrine Transmitter” of QST fame 
And it stands the gaff. Ask W6CUH. 

The “Radio” transmitter, described in thi 
issue, uses the famous WS-7510 and WSN-852 
the neutralizing condenser built to stand up or 
high power ham work. 

For the fellows who can get along with lower 
power, our 4000 volt series fill the bill in fine 
shape. We have developed a special short insu- 
lator for the 4000 series, which enables us to cut 
down the overall length of the single section 
type 144” and of the split stator type 214”. This 
should help a lot where space is at a premium 


—Be sure of your next Transmitter.— 


Use WIRELESS SHOP Condensers. 
e@ee 
Manufactured by 


TH WIRELESS SHOP 


150 GLENDALE BLVD. - - - LOS ANGELES, CALIF. 

















PROTECT YOURSELF! : 


"RADIO" has been a sell-out on news-stands almost everywhere. To insure 
regular receipt of copy you should be a subscriber. $1.00 for 4 months; $2.00 
for 8 months; $3.00 for one year. Send your order NOW! 
“RADIO”, Pacific Building, San Francisco, Calif. 

Here is $ for a subscription to “RADIO” for —.. months. 


Name - : ‘ : . ‘ 
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110 Volt A.C.-D.C. 


UNIVERSAL 
Short-Wave Kit 


$7.65 


OR sheer delight in short-wave reception 
use the Supertone Universal, which works 
on a.c. or d.c., and affords utmost sensitivity 
and selectivity. Foreign stations fill the 
phones with fine, clear music. A simple, 
standard three-tube circuit. The complete 
kit of parta, including four special plug-in 
coils (less tubes and phones) $7.65. 
(THE Supertone Universal S-W set is ob- 
tainable also in wired form, at $9.15. 
The circuit is wired by experts and is tested 
with precision instruments. 

KIT of licensed tubes (one 78, one 43 and 
+* one 25Z5) is obtainable at only $2.90. 
Use radiotrons for best results. 

HE neat arrangements of parts also 
makes for best efficiency. Regeneration 
on all coils is assured. One tuning control, 


one regeneration control, three tubes (78, 43 
and 25253. 


Supertone Products Corp. 
35 Hooper Street Brooklyn, N. Y. 
Tel.: Whlliamsburg 5-0043 











Jobbers - Dealers - Servicemen 
TRERE’S PROFIT FOR YOU 


Selling TRIMM Quality 
Earphones. You will find 
more stations in your 
Short-Wave Receiver when 
you use the 4,800-ohm 
Featherweight. 

Amateurs are asking for 
it. Money back if no 





Liberal Discounts. 
TRIMM RADIO MANUFACTURING CO. 
Headphone Specialists 
1528-38 Armitage Ave. Chicago, Illinois 
Western Representative 
DON C. WALLACE 
4214 Country Club Drive Long Beach, Calif. 








PLUG-IN COILS 


15-210 METERS. Set of 
eee seaccceg ee 


NOEL, 809 Alder St. Scranton, Pa. 











Sargent Band-Spreader 


for that S.W. or All-Wave Set 
At Your Dealers. $1.35, Net 





E. M. SARGENT 
21 McKINLEY AVENUE -- OAKLAND, CALIF. 
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L-E-T-T-E-R-S 
TO THE EDITOR 


Editor, “RADIO” 
Dear Sir: 

The new regulations of the Federal Radio Com- 
mission, which become effective on October Ist, 
will be of material benefit to amateur radio. Ade- 
quately filtered DC will then be necessary for 
operation on all frequencies lower than 14,400 KC, 
This means that real selective receivers will be the 
order of the day, receivers with band-pass audio 
systems, peaked audio systems, single-signal sys- 
tems, all of which depend upon DC for their effec- 
tive operation. With receivers of this type soon 
to be generally used, the transmitted DC signals 
must be steady, or they will not be easily readable 
on the above types of reccjvers. Even a highly- 
efficient regenerative receiver, whose selectivity is 
dependent upon its oscillating condition, and the 
proper tuning of the receiving antenna, this DC 








can soon operate in our present bands without un- 
due interference. 

Those of us who have been using highly indi- 
vidualistic plate supplies, either by means of gen- 
erators, 3-phase, 6-phase, or other means of modu- 
lation, will reluctantly give up our beautiful 150-, 
300-, or 500-cycle overtones on DC, and join in with 
a pure DC signal. 

Steadiness of hand, regularity and consistency 
in sending, and an even flow of Continental will 
be necessary, otherwise confusion will result. It 
will be difficult to recognize the station by its 
signai, because all DC notes sound pretty much 
alike. Thus the operator with the steadiest signal 
and the steadiest “‘fist’’ will secure the best results. 

(Signed) Don C. Wallace, W6AM-W6ZZA. 


ZL’S ON 80, WITH A SINGLE ’45 
Editor, “RADIO”: 

I was just poring over Mr. Bane’s article in the 
July issue and the dope is FB. I also noticed the 
article about ZL’s coming in on 80 meters. Just 
thought I’d drop you a line and tell you that this 
morning (July 7th) I was QSO ZL4AQ and ZL3F.1 
on 80, using my big 45 with 16 watts input, Got 
QSA4R6 for 4AO and QSA3R4 from 3FJ. That 
makes me (SO all ZL districts on 80m this year 
with an input of 16 watts into a single 245 Hart- 
ley, said xmitter all mounted on top of a receiving 
variable with the tank and antenna coil wound 
on 1%-in. tubing and with No. 18 wire. Have 
been QsO ZLIAR four times up there and worked 
ZLIGV and ZL2JQ once. Have cards from 1AR 
and 1GV and 2JQ on the way, also guess 3FJ and 
4AO will undoubtedly send theirs. 73's. 

W6FFP, 
931 Orange Ave., 
Fresno, Calif. 


signal requirement means that even more amateurs | 





NOTICE 


THE BIG 1933 SHORT-WAVE MANUAL BY 
W6AM is loaded with much heretofore unpub- 
lished information of great value to every radio 
man. Getacopy now! 250 illustrations. Pub- 
lished by “RADIO”. $1.00 per copy, postpaid 
Order from 

“RADIO”—Pacific Bldg., San Francisco, Calif. 








MILLER COILS 


HE name MILLER 

on an Lr Trans 
former signifies one 
thing— THE BEST’ 








4 stent to metch 


with inéividuel 
coll letters - 
4 = lete with & 
eprings for 
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special price 
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Well designed, care- 
fully made and thor- 
} oughly tested, during 
| and after assembly 
these units represent 
the last word in high 
quality performance 
| AND—here is an LF 

Transformer that stays 
| “PLT’. No frequency 
shift even under ex- 
treme mechanica] vibra- 
tions or excessive tem- 
perature changes. For 
further information on 
these units or ANY 
radio inductances, ad- 
dress 





J. W. MILLER COMPANY 
5917 $0. MAIN STREET LOS ANGELES. CALIF. 
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The First Edition 
IS DUE SOON. 
It Needs 
NO INTRODUCTION. 
You've Heard Other 
HAMS ENTHUSE 
Over It Already... 
And You Know It Will Be 
THE ONE INDISPENS- 
ABLE POPULAR HAM 
DIRECTORY FULL OF 
ORIGINAL DATA. 

















Fill out the form below for 
a free 40-word write-up, 
and further particulars. 


Application for inclusion in 


“WHO’S WHO IN AMATEUR RADIO” 


RADIO AMATEUR 
PUBLISHERS 


1107 Broadway New York City 
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BRADLEY NAME PLATES 


TYPE NPBS& 
25 TO30 EACH 


* FREQUENCY ° 


TYPE NPBS 
25 TO 30¢ EACH 


¢ ANTENNA * 





TYPE NPB3 
35 TOSO¢ EACH 


« TUNING @ 





ENGINE ENGRAVED ON REAL 
ig BAKELITE 
DRILLED, BEVELLED AND POLISHED 


JACK BRADLEY 


288 GOLDEN GATE AVENUE 
SAN FRANCISCO 
Specializing in Amateur Equipment 
STANDARD DISCOUNTS 














QUARTZ CRYSTAL 


POWER PLATES 


(TRADE MARK) 


Our X-Cut Crystal Plates are in Daily 
Use in Stations of the— 
NATIONAL AIR TRANSPORT 
PACIFIC AIR TRANSPORT 
VARNEY AIR LINES 
U.S. NAVAL RESERVE 
U.S. SIGNAL CORPS 
U.S. REFORESTATION CAMPS 
U.S. ARMY NET 
NATIONAL PARK SERVICE 
NATIONAL FOREST SERVICE 
BROADCAST AND POLICE RADIO 
STATIONS 
LEADING AMATEUR STATIONS IN 
ALL PARTS OF THE U.S. 


For a GOOD Crystal Specify X-Cut 


POWER PLATES 





Within 2 cs. of specified frequency... $3.00 
Within kes. of specified frequency 3.75 
Within 500 cycles of specified freq $5.50 
In 40, 80, 160 meter bands 
S.S. Crystals, selected to your freq $4.00 
And For Your Precision Standard 
K¢ Bars S$ 5.00 
K¢ Bars $10.00 


Order Through Your Dealer. 
@ Commercial, Broadcast and Standard 
Frequency Plates and Bars at Low Prices. 
Crystal Plates, Bars and Blanks cut to your 
specifications. Reasonable prices for high- 
quality work. 


ALBERT HOEFLICH 


San Francisco, Calif. 








FRANK C. JONES 


Consultant 


& 


8 , 
Receiver and 


Ultra-High Frequency Design 
2037 DURANT AVENUE 
BERKELEY, CALII 
BErkeley 6188W 











| Condenser 


Vs Two-Button Microphones 
(Continued from Page 33 


pressure on both sides of the diaphragm, so 
that there is no tendency for the diaphragm 
to “bulge” and alter the effective air gap. If 
there were no such compensation, changes 
in temperature or pressure of the atmosphere 
would alter both the sensitivity and fre- 
quency response characteristics. 


Maintenance Problems 


Due to the nature of the carbon buttons, 
all carbon microphones require repairs if 
transmission is to be kept up to standard. 
Renewal of the carbon granules about once 
each year is necessary due to natural aging. 
Current surges through the buttons may 
cause the granules to cohere, which will re- 
quire a more frequent renewal of the carbon. 
Moisture also tends to “pack” the granules. 
These repairs cannot be made by the sound 
engineer or operator and it is always nec- 
essary to return the microphone to the fac- 
otry. Repair costs can be minimized by ob- 
serving the following precautions— 

1. Always turn down the current control 

before disconnecting the microphone. 
2. Never move the microphone with the 

current turned on. 

3. Do not exceed the recommended button- 
current rating. While these limits vay 
with different manufacturers, it is AL- 
WAYS true that low current gives max- 
imum granule life. 

{. Protect the microphone from mechanical 
shocks. If the granules become packed, 
tap the frame GENTLY with a rubber- 
tipped pencil. NEVER use force. 

On the other hand, the condenser micro- 
phone very seldom requires maintenance 
work that cannot be carried out in the field. 
The condenser head itself seldom needs at- 
tention if the product is carefully designed. 
The condenser element—as contrasted with 
carbon buttons—is immune to the permanent 
effects of ordinary mechanical vibration and 
moisture. It is only necessary to place the 
condenser microphone in a dehydrating 
chamber or in a warm, dry place after ex- 
posure to high humidity to completely re- 
store it to its original operating condition. 
About the only replacements required are 
occasional replacements of batteries and am- 
pliher tubes. 


Portability 


The carbon microphone is especially well 
adapted for portable equipment. This is due 
to the fact that the device is complete in it- 
self and requires only one, two or three dry 
cell batteries for current supply. The carbon 
microphone is also light and takes up little 
space 

The condenser microphone, however, re- 
quires a high-voltage supply for polarizing 
the diaphragm and for amplifier plate supply 
and a low-voltage source to operate the amp- 
lifer tube filaments. These accessories add 
to the weight and bulk of the complete 
equipment. The transmitter unit requires 
more space than the carbon microphone due 
to the space occupied by the integral micro- 
phone amplifier. As a result, the condenser 
microphone is less readily portable than the 
carbon microphone. For this reason, two- 
button carbon microphones are widely used 
for portable remote control broadcast pick- 
ups and for a great deal of public address 
work where the equipment is frequently 
moved from place to place. 

To summarize—the principal advantage of 
the two-button microphone is its portability. 
To offset its relatively greater bulk, the con- 
denser microphone offers among its advan- 
tages, low background noise, permanence of 
calibration, and relative freedom from main- 
tenance difficulties. 
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NEW! SHURE 
MODEL 40 
CONDENSER 
MICROPHONE 


SHURE Model 40 
Condenser Microphone 
should not be confused 
with other low priced 
microphones now be- 
ing offered by new- 
comers without previ- 
ous experience in Mi- 
crophone production. 
SHURE Model 40 
Condenser Microphone 
is a product of our 
years of microphorie 
laboratory experience, 
and is a high quality 
instrument. 

The frequency re- 
sponse is excellent 
from 40 to 10,000 
cycles. - 

The head is chro- 
mium plated, and the 
case is attractively fin- 
ished in crystalline 
black. A special chro- 
mium plated suspen- 
sion adapter is pro- 
vided so that the unit 
may bé suspended with a rope from above, and a 
threaded fixture is provided in the base for attach- 
ing to the standard Shure Desk Stand, Banquet 
Stand, or Floor Stand. 


ELECTRICAL SPECIFICATIONS 


Two models are available. Model 40-A employs 
two type 30 tubes for use with dry cell “A” and “B 
supply. Model 40-B employs two type 37 tubes f 
use with storage battery “‘A’’ supply and dry “‘! 
batteries or Model 41 Shure A.C. Current Sup; 
(A & B), “A” Current is 6 volts; “‘B’ Current 
volts at 3 M.A. “A” plus grounded; may be con- 
nected in standard mixer circuits without any 
changes. Output level, minus 30 decibels, which 
higher than the average two-button carbon mic: 
phone. Connects easily on carbon microphone cir- 
cuits by omitting center leg of the circuit. Spec 
terminal strip provides either 200 ohm or 50 ol 
output impedence. The color-coded cable is 12 
long. It is heavily shielded and covered overall wit 
a mercerized brown braiding. 

Dimensions: Transmitter head, 3” in diameté 
including flange 35,”. Case 6” square. The back 
the case is easily removed to get quick access to t 
tube chamber. Total weight including cable 9 lt 
Shipping weight 13 Ibs. Each microphone packed 
for shipment with complete instructions and wirir 


diagram 
GUARANTEE 


Fach instrument is guaranteed to be free fri 
mechanical and electrical defects for a period of o1 
ear from date of shipment from the factory 
providing that all instructions are complied wit 
fully. 
Model 40A. Code: RUGAS. Shure Condenser M 
crophone for type 30 tubes complete with cabl« 


but less tubes. 
Model 40B. Code: RUWAL. Shure Condenser M 
37 tubes complete with cabl 


crophone for type 37 
but less tubes 00 
List Price, either model $50: 
Model 41. Code: RUHEN. Current Supply f 

Model 40, complete with tubes for same. 
List Price Furnished on Applicati 
No. 30. Code: RUCOT. Set of two matched ar 


tested type 30 tubes. 
$2.60 


List Price, per set 
Code: RUGIL. Set of two matched and 


No. 37. 
tested type 37 tubes. 

$2.80 

Model 51C. Code: RUFAM. Desk stand for Mod 

$6. 








List Price, per set 
40. List Price 50 


Model 52C. Code: RULIX, Banquet stand for Mode 
‘0 Microphone. 
List Price . $9.00 


Model 58. Code: RULAS. Floor Stand. 

List Price is $16.55 
No. 82L. Code: RULAR. Special trimmed cab: 
for Model 40. (No charge for the first 12 ft.) 
Extra length per foot, List Price... 25c¢ 


SHURE BROTHERS COMPANY 
337 W. Madison St., Chicago, U.S.A 
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Easily Constructed 
Crystal Holder 


(Continued from Page 16) 

is specially prepared. Carefully dip two op- 
posite edges of the crystal in clear Duco or 
lacquer so that a margin of about % in. 
is evenly coated. By dipping to % in. depth 
in the lacquer and very slowly withdrawing 
it at an angle, one edge first, and then the 
other, very little excess lacquer will remain. 
By holding the crystal upside down for a 
moment, the lacquer will reverse its direc- 
tion and deposit quite evenly. Do one edge 
at a time, allowing each to dry first, before 
handling. 

Place the crystal in the holder as described 
before and tighten the screws. By placing 
one’s thumb over the upper plate and press- 
ing it down on the crystal one is able to tell 
when the screws are tight enough. The bake- 
lite base should be tapped out well for these 
three adjusting-screws so that they will turn 
freely. It is then possible to tell by the 
“feel” of the screw-driver how the plates are 
bearing on the crystal. When the adjusting 
screws “seat” on the upper plate one cannot 
turn a screw as much as a quarter turn with- 
out breaking the crystal. Before tightening 
the screws (after they “‘seat’’), plug the 
holder in an oscillator circuit and observe 
the plate current meter for oscillation. Then 
gently screw up the three adjustment screws 
until the crystal is held in the holder but 
is still oscillating freely. 

The drawings show a holder for a 1 in. 
x 1% in-. crystal. If your crystal is of dif- 
ferent dimensions, the sizes of the upper and 
lower plates can be changed slightly. Make 
the lower plate about % in. less in width 
and length than the crystal, so that there 
will be a 1/16-in. margin of crystal over- 
lapping all around. This is for the purpose 
of protecting it from possible fracture from 
high-voltage discharges at its edges. For 
low-voltage work, or “single-signal’’ super- 
heterodynes, the lower plate can be made 
equal in size to the crystal. (Any potential 
greater than 300 volts on the plate of the 
oscillator tube is considered high voltage for 
a crystal.) 

If thicker crystals than 3/32 in. are to be 
used, the three adjustment-screws should be 
longer than % in. The brass springs should 
be long enough to keep the upper plate 
against the screw heads. 


Old-Timer's Corner 


(Continued from Page 21) 

(9) Amateurs were forbidden to curse the 
commercials, and vice-versa, after the Radio 
Act of 1912 was signed. In early days it was 
common occurrence to tell the commercials 
what the amateurs thought of them, and their 
high-brow high-power high-falootin’ high- 
hatishness. But, alas, the tide has turned. 
We now hear them busting-up our amateur 
bands and we must content ourselves with 
a mumbled *!$#??&. Well do we recall the 
load of bricks that the second-trick opera- 
tor at old “PH” carried up the hill to the 
radio shack, tucked handily beneath the op- 
erating table and then invited the amateurs 
to visit the station. The Irish confetti did 
not serve its intended purpose because the 
amateurs smelled an Ethiopian in the lumber. 

(10) Early commercial radio-telephone 
trafic was delivered by messenger instead of 
by radiophone because the voice from the 
stations barely covered a few city blocks. A 
station was built in San Francisco, another 
in Oakland, across the bay. “Bugs’ McCarty 
was at the “megaphone,” shouting himself 
hoarse, supposedly radiophoning message 
after message to Operator Douglas at the 
Oakland station. Prospective stockholders 
clustered about the genial McCarty, amazed 
at the possibilities of the new invention. But 


s.. 


Frequency Meters 
(Continued from Page 10) 


receiver and frequency meter ready, so that 
changes due to heat will be eliminated. 

If the standard signal is transmitted at 
4000 Kc. the procedure for calibration is to 
tune-in the signal in your receiver, then 
turn the frequency meter vernier condenser 
to the roughly determined 2000 Kc. point 
until a beat note is heard in the receiver. 
Adjust to zero beat and note the exact dial 
setting of the meter. This is repeated for 
the remainder of the standard frequencies, 
always using the second harmonic of the fre- 


quency meter to beat against the standard 
signal. Should the standard transmission be 
in the 40-meter band, the fourth harmonics 
of the frequency meter are used for beating. 
Under no circumstances should the tank con- 
denser setting be changed after the meter has 
been calibrated. Because of the harmonics 
generated by the oscillator tube in the elec- 
tron coupled frequency meter, it is required 
only to calibrate for the 1715 to 2000 Ke. 
range and then use the harmonics of these 
points for all other amateur bands. After 
enough points have been obtained, at least 
five, the curve should be drawn along the 
lines suggested in Fig. 6. 























Pg 
Pad 
401 4 AMATEUR BANDS 
4 a” KILOCYCLES DEGREES 
3015 ¥A 1715-2000 185.3-U.9 
be X-A 3500-4000 157.2-.9 
20 J « we xB 1000-7300 157.2- 101.0 
Z af X-C 14000-14400 15 7.2-120.7 
046 XD 28-30&66-60MC. 157.2-82.4 
KILOCYCLES 
o | “ o BC x” y 
ite sane SS as oo a 
2000 1900 1800 1150 1S 1T00 
4000 3800 3600 3500 3400 
8000 7600 1500 7200 yooo 6800 
16000 15200 14400 {4000 (3600 
32000 30400 3000 28800 28000 27200 
64000 60800 6000 51600 56000 54400 
FIG. 6—A novel arrangement of the Calibration Curve. All required data is 
available at a glance. 











on the other end of the line nothing would 
come out of the headphones but the dia 
phragms. In the meantime, copies of the 
prepared messages were on their way to the 
Oakland station by messenger who, with the 
aid of ferry-boat travel, helped make radio- 
telephone history. 

(11) The ‘Northumberland Jigger” is the 
oscillation transformer (inductive coupler) 
used on the British Marconi 11/-k.w. 60- 
cycle, non-synchronous transmitter. 


OLD-TIMER'S QUESTION 


1—What kind of a contrivance was the 
““Resonaphone” ? 

2—Why was it necessary to keep the clock- 
work wound up on some of the old- 
time radio receivers in order to hear 
signals? 

3—With certain types of receivers it was 
necessary to sharpen the detector on an 
oil stone. Why was this necessary? 

4—What type of detector worked better if 
a permanent magnet were kept near it? 

5—What was the power limit for amateur 
transmitters prior to 1912? 

6—What were “X’s?” 

7—Why did Dr. Lee DeForest display 
burnt-out audion bulbs in his exhibit at 
the Panama Pacific International Exposi- 
tion in 1915? 

8—What did a Chicago judge tell the de- 
fendant during a hearing in 1906 in 
connection with the investigation of a 
stock flotation when the defendant told 
him that the human voice could be 
transmitted by radio? 

(See Answers in Next Issue) 


Add-A-Stage 
Beginner's Transmitter 


(Continued from Page 13) 
which location the amplifier plate tuning con- 
denser is finally adjusted. 

Keep your eye on that oscillator stage. 
Check, and re-check it constantly, to see that 
it is always oscillating. 

If this discussion seems difficult for you 


to understand, merely try the method, step 
by step, following this information as you 
tune the transmitter, and you will soon get 
the knack of neutralizing. 

Now that the tuned, the next 
thing to do is to plug-in the rectifier tube 
in the power supply unit that 
amplifier stage. 

Hold the glow lamp over the plate coil 
of the amplifier stage and rotate the plate 
circuit condenser until maximum brilliance 
is indicated by the lamp. The transmitter is 
now tuned to resonance. 

Then place the antenna coil near the plate 
coil, the spacing between the two coils be 


Stage 1S 


feeds the 


ing about one inch. Tune the antenna feeder 
line condenser until maximum indication is 
shown, either by a thermo-couple meter in 
the antenna feeder, or by maximum indica 
tion of the milliammeter 
stage. When hi antenna is coupled to the 
plate coil of the amplifier stage the meter 
will show increased plate current. 
because the antenna is drawing energy from 
the plate circuit of the amplifier stage. With 
500 volts on the plate of the amplifier tube 
the milliammeter will read about 50 to 60 
milliamperes. 

All circuits should then be carefully re 
checked by slowly rotating both plate con- 
densers until maximum indication is shown 
by the antenna meter. You are now ready 
to “take the air.” 

It will be noted from the circuit diagram 
that the filaments of both the oscillator and 
amplifier tubes are controlled by a separate 
switch. This is to keep the filaments burn- 
ing while receiving, so that the tubes are 
always “warm” and ready to take the sudden 
load which is applied when the other switch 
is thrown to supply the plate current to the 
tubes. This method also prevents damage to 
the tubes and makes for longer tube life. 

The next F “RADIO” will show 
how to add a doubler stage to this trans 
mitter so that it can be used to operate in 
the 20 and 40 meter bands. A later issue 
will show how to modulate this outfit for 
radiotelephony, on the 160-meter band. 
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The ABC of Modulation 


(Continued from Page 24) 


grid input wave. Referring to Fig. 2, a 
small sine wave is shown entering the tube. 
It comes out with exactly the frequency 
(represented by distance x) but greater in 
amplitude. The ordinary audio amplifier 





A Class “A” amplifier is one that gives, in its out- 

put circuit, a wave of the same frequency and 

shape as the input wave, but the wave may be larger 

in amplitude. X is the frequency in diagram and 

A-a represent the input and output amplitudes 
respectively. 


tubes in your radio at home are Class A 
amplifiers. The greater majority of modula- 
tor tubes are operated Class A. (More about 
that later.) 

The Class B r.f. amplifier (not to be con- 
fused with the Class B a.f. amplifier or mod- 
ulator), is used in transmitters when it is 
desired to take the modulated radio-fre- 
quency and amplify it to higher power. This 
type of amplifier is biased so that the power 
output of the amplifier is proportional to 
the square of the excitating grid voltage. In 
this type of amplifier, the tube operates 
over the whole linear portion of the grid 
voltage-plate current curve, and has for its 
static operating point the low current end of 
the curve. Thus, when a 100 per cent modu- 
lated wave is impressed upon the grid, the 
grid is impressed with a voltage twice the 
value of the unmodulated carrier voltage 
and therefore the plate current is increased 
to twice its value. The power output 1n- 
creases as the square of the plate current 
but since the plate current is a function of 
the impressed grid voltage, the power output 
increases as the square of the grid voltage 
and thus we have Class B operation of the 
amplifier. 

A Class C amplifier is very similar to a 
Class B amplifier, but instead of impressing 
the modulating signal on the grid of the 
tube, only the input radio-frequency voltage 
is impressed on the grid, and the modulating 
voltage is impressed on the plate. However, 
instead of using the linear portion of the 
plate current-grid voltage curve of the tube, 
the plate current-plate voltage curve is used, 
It is the purpose of the modulator to vary 
the plate voltage of the Class C amplifier 
from twice the normal unmodulated value to 
zero, and, like the Class B amplifier, the out- 
put is increased as the square of the plate 
current and as the function of the plate volt- 
age. Therefore, a Class C amplifier is one 
that operates so that the power output varies 
as the square of the plate voltage. 

Various types of modulators are used to 
increase the plate voltage from twice its 
normal value to zero. The most satisfactory 
and most practical is the Class A modulator. 
The best Class A modulator tubes are those 
that usually make good audio output power 
amplifiers. They usually have comparatively 
low plate impedance and amplification factor, 
but usually have a higher value of mutual 
conductance. Such tubes as the 47, 45, 50, 
845, 849, 211E and 212D fall in this class. 
Then there are the Class B modulator tubes 
which are used in balanced push-pull ar- 
rangements. The Class B modulator is simi- 


s. 
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What's the Matter With Amateur Radio? 


(Continued from Page 5) 

cials! Can you beat that! Perhaps we 
thought to gain the good will of the com- 
mercials by passing over to them our nice 
fat roll and keeping only a few nickels for 
carfare. Or perhaps it was proposed as a 
demonstration of the high standard of ethics 
that is the pride of the amateur body. Being 
no judge of ethical conduct, I can’t say. 

Manifestly it would have been improper 
and unjust for the amateurs to have tried to 
hold the whole area below 200 meters. Other 
classes of citizens could make good use of 
a share of that space; but we need not have 
been so ostentatiously lavish. By way of 
proof of our prodigality put on a pair of 
phones and tune over the whole area cov- 
ered by our after-you-my-dear-Alphonse ges- 
ture. You will find great spaces as silent as 
the grave where a dozen of the present ama- 
teur bands could be parked unnoticed. Here 
and there you may observe what is a rare 
phenomenon these days—a station sending a 
message for which some reckless spender had 
given up real money. But mostly, all you'll 
hear is commercial stations, manned short- 
handed by ex-amateurs, sending (by machine) 
endless strings of V's, because the law says 
any channel allocated must be put to its best 
possible use. And I'll grant that making V's 
is the “best possible use,” for there is not 
now and never has been justification for put- 
ting one-tenth of these short-wave commer- 
cial stations on the air. 

No, we needn't have been so lavish. The 
comic Lady Bountiful, like the stage tramp, 
always rates a laugh. 

Having, ourselves, painted for the whole 
world a picture of the amateurs as a group 
of children gazing at the butterflies, is it 
any wonder that at the opening of the In- 
ternational Convention of 1927 one of the 
first delegates to address himself to the 
amateur problem said he believed no fre- 
quencies that were useful for communications 
should be assigned to amateurs! This is not 
a figment of my imagination; those are his 
exact words. But our own Government 
wouldn't accede to this. The amateurs are a 
great national asset, in both peace time and 
war, and that truth is well known. But the 
commercial representatives did succeed in 
cutting the already too-narrow amateur bands 
down to one-third of their former width. 
Then they chucked the amateurs of all for- 
eign nations on top of us. There were 17,000 
amateur stations in the United States; since 
then the Federal Radio Commission has li- 
censed 18,000 new ones and has thrown them 
all into the same hell-holes of interference 
for good measure. 

Just here it is reasonable for the lay- 
reader to exclaim, “But can it be that among 
35,000 licensed amateurs it is impossible to 
find a handful of discerning men of worldly 
experience and courage!” Well, I'll tell 





lar in principle to the Class B r.f. amplifier, 
but quite different in operation. The excit- 
ing voltage is at audio frequency, instead of 
a modulation frequency varying above and 
below the unmodulated carrier wave. The 
Class B audio amplifier must be a _push- 
pull balanced circuit for fidelity and quality, 
and more important is the fact that the 
Class B audio amplifier works into a load 
which is (or should be) non-resonant, where- 
as the Class B r.f. amplifier works into a 
tuned impedance. 

The second article of this series, which will 
appear in the next issue, will give complete 
data on plate modulation, and both Class A 
and Class B Modulators. 


< 


you, Lay-Readers, in the early days of the 
short waves the commercials grabbed our 
most astute members as fast as they could. 
That’s how the commercials learned the 
short-wave art. This is literally true, as even 
the commercials will admit—under torture. 
And as the commercials capitalized the ex- 
pert knowledge of these amateurs, they is- 
sued millions of dollars worth of securities 
based largely on their own statement of the 
value of the short-wave channels they took 
from the Amateurs and for which they paid 
our Government nothing. And these securi- 
ties were bought at high prices in the stock 
market by gullible fellers like lay-readers. 
Now ask me another question reflecting on 
the intelligence of us amateurs, will you? 
More and more commercial short-wave 
stations were built, and more and more men 
were hired from the amateur ranks. And 
once in the employ of the commercials the 
lips of these men were sealed, and their 
hands were tied. But what remains to them 
is still their best inheritance—their spirit of 
amateur fellowship. That never dies; “once 
a ham, always a ham.”” Although they can- 
not talk and cannot act, they still may think. 
They think with us, a moral support of in- 


- estimable worth and weight. 


I am not blaming the commercials for the 
present plight of the amateurs. I am not 
blaming anybody; I am merely reciting the 
Situation and citing the cause. I am not 
even deploring the circumstance that the 
amateurs haven't the incentive of Big Busi- 
ness—the almighty dollar, at once the mo- 
tive for ruthless action, the powerful offen- 
sive weapon in mundane affairs and the life- 
saver when caught with the goods. We have 
something better and more enduring. For 
the peace of our souls we have the con- 
sciousness that we are after nobody else's 
rights and nobody's money. And that as our 
own offensive weapon we have the support 
of the people; and it is the people, the real 
owners of the public domain of the air, that 
will cast the final ballot. 

There is a power that lies inherent in 
every just cause. If it were not for this, 
the amateurs would have been swept from 
the air long ago. We read now signs in 
the very air that that pathetic Lady Bounti- 
ful “relinquished for commercial develop- 
ment.” What we took for Bigness no longer 
appears awesome. Mere size no longer sym- 
bolizes either ability or probity. Much of 
mere Bigness is already on the scrap-heap 
and much more is in the wheelbarrows. The 
plain citizen—and that’s the class we ama- 
teurs belong to—is coming into his own. 

“What's the matter with amateur radio?” 
Not a thing. All we need is a place to put it. 








Service Man: ‘That's the last time I'll ever 


tell a lady her resistance is weak.” 
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Model D-35 


(Illustrated above) 


314 cubic feet NET capacity; 8 square 
feet of shelf space. (N. E. M. A. rat- 
ing.) Has two ice trays, each tray with 
a capacity of 21 ice cubes—42 cubes in 

Additional space provided for an 
extra single tray or double depth tray. 
3 inches of insulation at top, sides, bot- 
tom and door. Dimensions: 5054’ 
high, 2374” wide, 24” deep 








Model D-45 
(Not illustrated) 
4% cubic feet NET capacity; 10.6 
square feet of shelf space. (2 7 
M.A. rating.) Has three ice trays, 
each tray with a capacity of 21 
cubes, 63 cubes inall. Additional 
space provided for an extra single 
tray or double depth tray. 3 
inches of insulation at top, sides 
bottom and door. Dimensions: 
56%" high, 
23%" wide, 


zi "accn"” $99.50 


Model D-60 
(Not illustrated) 

6 cubicfeet NET capacity; 11.5 
square feet of shelf space. (N. E 

M.A. rating.) Has three standard 
size ice trays, each tray with a 
capacity of 21 ice cubes, 63 cubes 
in all, and one double depth tray 
which is very desirable for freezing 
desserts. 3% inches of insulation 
at top, sides, bottom and door. 
Dimensions: 


57 4"high,29 4" $130 00 
wide,25 % "deep. e 
Remember the inside of the 
Shelvador is recessed to provide 
for the shelves. The exterior of 
the door is bulged outward 
actually improving the appear- 
ance of the refrigerator and 
providing space for even more 
insulation than in ordinary 
doors. 





ALL PRICES INCLUDE DELIVERY. .INSTALLATION..ONE YEAR FREE SERVICE 





HELVADOR 


U. S. PATENT 1898922 


An Electric Refrigerater 
with Shelves in the door 
for eggs, butter, bacon, 
and other small articles 


DELIVERED 
INSTALLED 
ONE YEAR 
FREE 
SERVICE 


An exclusive patented 
feature found only in 
the New 






Just open the door . and THERE 
it is! Here in a nutshell you have the 
newest and most important improve- 
ment in refrigerator cabinet design 
since the invention of the ice box. 
Now...no more reaching... no 
more searching for the little things 
that, in ordinary refrigerators, are so hard to find! No more dis- 
arranging of everything. . .no more sleeves dragged through 
butter . . . no more foods leaking through the shelves. Think of 
the time saved . . . think of the increased “‘usable” capacity of the 
New Crosley Electric Refrigerators with Shelvador. Shelvador 
actually gives the Crosley Electric Refrigerators greater capacity 
than their ratings indicate by increasing their “‘usable’’ capacity. 
Try to put everything that goes into Shelvador on the shelves of an 
ordinary refrigerator, and you'll be amazed. An orange takes as 
much “shelf room” in the ordinary refrigerator as a bottle of milk. 
In the Shelvador it takes only the space of an orange. 


Only Crosley Electric Refrigerators can use the Shelvador, for it is 
an exclusive patented Crosley feature. For anyone to buy a 
refrigerator without Shelvador is to deny himself a great con- 
venience, and time saver as well as to buy something already out- 
dated. When people see it they quickly reali#e that they ought to 
replace their present refrigerator. 


The added convenience of Shelvador costs nothing. Even if the 
New Crosley Electric Refrigerators did not have this feature, they 
would still be the world’s outstanding refrigerator values at the 
new low prices. With Shelvador, Crosley Electric Refrigerators 
go so far beyond ordinary values that there is nothing with which 
to compare them. They are famous for trouble-free operation, 
quietness and convenience. 

Three sizes to meet every home requirement . . . each size with more ‘“‘usable 
space because of Shelvador. And remember insulation is not sacrificed in 
the Shelvador the exterior of the door is extended to permit the use of a 
standard thickness of insulation. 

See your Crosley distributor. Examine the Shelvador. Instantly you will see 
its advantages. Instantly you will realize why the New Crosley Electric Retfrig 
erators are sweeping competition before them. 





Montana, Wyoming, Colorado , New Mezico and west, prices slightly higher 


The Crosley Radio Corporation - Cincinnati 


POWEL CROSLEY .Jr., President. 


Home of “‘the Nation's Station”-WLW 


REFRIGERATOR 


WITH SHELVADOR 
U 8. PATENT 1898922 
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HEN set manufacturers buy tubes they 
naturally want tubes that give their set 

the utmost in volume...sensitivity...fine tone. 
That is why Hygrade Sylvania is proud of 
selling more tubes than any one else for use 
as original equipment in radio receivers. Only 
an excellent product, backed by an experi- 
enced and competent selling and engineering 
organization, could achieve this leadership. 
In the technical field Hygrade Sylvania 
first pioneered with the development of new 
and more efficient tubes for auto- 
mobile radio. Then with a new 6.3 
volt group of tubes for general 
service. Both groups are now stand- 


ard with leading manufacturers. 













(Reg. U. S, Pat. Off.) 


SET-TESTED RADIO TUBE 


© 1933, H. S.C 





Sylvania engineers are always ready to 
help set manufacturers solve circuit and 
design problems of all kinds. A letter puts 
you under no obligation. It may bring just 
the solution you have been seeking. 
Powerful national advertising .. . full 
support for its dealers... high financial rating 
...@ manufacturing capacity of over 100,000 
tubes per day...a group of executives 
who own the major portion of the com- 
pany's stock... these things make Hygrade 
Sylvania a strong partner in the 
effort to build your business 
and your reputation for quality. 
Hygrade Sylvania Corporation, 


Emporium, Pennsylvania. 





